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€ In 1 ce. M. 
ASCE, wh: the United States of a 
4a heat-unit method of estimating the consumptive | use of water for agriculture? in 
‘The writer considers this a sound and workable method, giving very consistent 
results from long-term records. Since the only requirement is a United States 
Weather Bureau record of reasonable length i in, , OF representative of, the area” < 
under consideration, the method may may be anywhere i in the wasters: part. 
of the United States. formula i is easily a and simply resolved, and the very 
consistent results, when checked against many y determinations by other meth- 
ods, give an accuracy satisfactory for use in preliminary estimates. As shown 

by J. L. Burkholder,? M. ASCE, in his discussion of the Lowry-J ohnson on paper, ata 4 
ce ‘the line produced i is ' the median of a . band covering the range of divergence 0 of 

-. _ The question of feasibility is always before the engineer on a proposed — Sha 


project, and feasibility i is determined by the ratio between cost and 


‘the of full crops, and a season to the « 

BY of a pattern of profitable crops, it probably can afford a project’ with a Fela ; 

be tively high per-acre price. The costs are determined by well-known engineer- F 
ing methods of survey and estimate. For the other side of the equation the 

te irrigation: engineer must solve the question: ‘What will be the sche 
wide variety of factors affect the crop patterns used i irrigated 
communities. - Accessibility to markets is an important one. Others are crop 
pests and diseases, the basic limitations of many crops as to their tolerance of. 
heat and cold, etc. It is generally | true that fruit and truck crops, , which are 


most desirable in building up a diet of high nutritional value: : (1) Require i *: 


; 


owe ae Nors. —Written ‘commente are are invited for immediate e publication; to insure publication the eres dis 
2“Consumptive Use of Water for Agriculture,” by Robert Lowey, ond Arthur ‘Johnson, 
CE, Vol. 107, » 1942, | Pp. 1243. 
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long season with heat units to produce high (2) are high- value. 


4 e's to tonnage of crop produced will pane a method of estimating the produc- 


i. ag crops, resulting i in the highest per-acre incomes where they can be | grown; and — _ oh 
are also high-cost crops. Since the production of these crops uses many hen 
‘man-hours of labor, the farm operator is but feature is 

fair 
limited by their narrow adaptation. Apples, citrus this 
peppermint, and certain seed and truck crops: belong to this list. Alfalfa, 

potatoes, the small gn grains, ‘and s sugar beets are among those ‘showing very 

With all these and many other variations i in crop patterns, it is submitted 

Pere that the most important attribute differentiating farm lands is the volume of a § } 
crops produced. Within the same crop pattern the m most valuable and profit- 

See able lands will be those able to produce the greatest tonnage per acre. From: a | & 
broad -water-resource planning standpoint, it is also desirable that available 
Ek: et water be used where it will do the most good—that i is, where an acre-foot of oe 

water will produce the greatest amountoferop, 

; as A simple e extension of the heat-unit method from consumptive use of water = 


tivity of lands on a "proposed project. The writer submits Fig. 1 for this 


original Lowry-J ohnson consumptive 1 use is shown in Fig. 1 


Sg a the « consumptive use points of representative localities in the irrigated west 
‘superposed. _ These points range from the Valley of Henry’s 8 s Fork, Upper Snake 
i} . River, El. 6500, down by steps to Pasco, Wash., at the junction of the Snake ~ 
ints and Columbia rivers, then to the Sacramento Valley and on down to Imperial — 


‘the 
Consumptive Use of Water, in Feet of Depth — 


Valley in California, ‘near sea level. ' This range, in available heat “units 

(accumulated day degrees above 32° °F), is from 4,300 to 20,000. “Alfalfa is “a 
grown more universally ‘than any other crop on these irrigated | lands. In the 
ae oh a Pacific Northwest it « occupies from 35% to 60% of the acreage on nearly a Be 
oe oe projects, and is grown on substantial areas of lands in every locality shown in 4 ay. 


“Fig. 1. The reason, of course, is its ability to gather nitrogen from the air in 
_ addition to its forage value. E Another crop that is grown throughout this a 


vv 


by locality, and the average was taken. Some checking was done through a 
limited amount of crop census data available to to the from the records 


4*Consumptive Use of Water for Agriculture,” by Robert L. Lowry, Ir. and Arthur F. 

1940 Census, Section on Agriculture, Mountain and Pacific States, Vol. 1, Pt. 6. 


3 — 


= 5 

— 
“a ij taken by the Bureau on all projects forms the most accurate and detailed body a | 


crop known to the writer. Some highly 

clusions can be drawn from this thorough a: analysis. Neither nor compre- 
7. data were available to make a detailed and exhaustive | study, ye yet it is 
- felt that the material used is sufficient to place | the yield lines shown with a — 
’ fair degree of accuracy. _ About 2,000, 000 acres | of alfalfa are e represented by 


these lines. An new irrigation project, w wherever located, may on 
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“curve, “Consumptive Use | per - Ton of Alfalfa.” The values a are those 


It will be noted that, from I Henry’s Fork down to the Columbia River and — 
Yakima Valley, the heat-unit yield relationship i is a straight line, amounting 
_ to some 2,400 day degrees per ton. — Practically this same value holds good in 
the Sacramento Valley i in California; but, progressing south, into longer and — 


hotter seasons, with more heat units, it ‘appears that the weather becomes too 


for the crop to make effective use of all the heat available. These are 
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typical valley | pattern; but the problem i is not that simple. It i is impossible 


as ‘Sas Wash., with the forage and general crops of a flat and spring-frosty near-by 


Le if —— that may have the same total of heat units. In Yakima Valley, the 


decreases and the consumption of water per ton increases. The writer was” 
Sia Y quite surprised by the record in the Imperial Valley i in California, where alfalfa 
ear iP oa grows every month in the year and the farmers harvest eight cuttings; yet the - 
é aces census shows that Imperial County had 114, 146 acres of alfalfa in 1939 and 
Fo that the average yield was 2.99 tons per acre. - Other crop yield lines show 


‘similar characteristics. The writer traced several, but but omitted them from 


an «eat It is unfortunate that some common denominator cannot be found, like 
“total digestive nutrients, into which all the crops can be converted for an 


| 


directly 1 to compare 1 the apple orchards o on the rolling hillsides of | Wenatchee, 


Parker Heights area might produce the same tonnage of hay, potatoes, : and be 
sugar beets as do the bottom lands across the river; but the Heights also 
_ produces peaches, cherries, and pears worth several times as much per. acre, 


because they a are frost free. are similar cases in n the southwest, where 


usually the rolling 


foothills, while the wide plain below them are devoted to dairy | and 4 


out by | crops of lettuce, ‘ete., which sell 


7 


Messrs. Lowry : and J J ohnson e emphasize th: that their 


’ :laaas is not a simple and automatic method of sc solving » the problem but that a 


We full knowledge of all modifying factors is needed to develop good judgment in in : 


its use, if the best results are to be obtained. limitation is even 
true with the crop prediction method presented i in this. paper, although it does — 
offer a quick way to find the quite closely, i in terms 


any given crop pattern; but a wide and thorough knowledge « of agronomy hot 3 
a agricultural values in the region under consideration i is needed to convert bs 
that information into terms of dollars per acre, possible or probable. 


if rie as gation engineers must have f practical data to determine the question of project — 


if ‘Iti is recognized that the crop-yield lines are only the median lines of a band, © 
as yields are influenced in some degree by soil fertility, pests, winds, farm +a 
methods, etc. Average soil fertility has probably the greatest influence. 
Falls, Ore., shows a higher potato yield than Buhl, Idaho, probably 


because potatoes are grown on newer and richer lands. ‘The richness of 


a pound of plant food. Since plant food ec comes from the breakdown 
a e extremely fine soil particles, the amount of plant food available in any soil, . 
‘ eae above the clay line, is roughly proportional to the percentage of fines in that 
See soil. Because the alluvial soils of the Columbia River system were formed by 
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carried farther downstream, it is not surprising to find this steady increase _ oe 


fertility reflected in that part of this curve. In Washington the Walla Walla- — 
q Lower Yakima lands have a mean diversion duty of about 4 acre-ft; the Henry’s Ss 


Fork lands average 8 8 acre-ft; and tl the Lower Yakima lands consume ‘little 
more than half as much water. to produce a ton of alfalfa as do the Henry’s - 


Fork lands. _ The rise in use per ton in the hotter regions must be ascribed 


aid 


mainly t to inereased unavoidable ground evaporation which forms part 

valley consumptive use. ‘Ifa p proposed project is restricted to high-grade 
lands, the yields will be greater than those read fr from Fig. 1. 1, which are drawn 


Summary 

MMARY 
‘This paper is satan as a first step toward ‘establishing a set of relation- a 


~ \ 


_ ships which clearly exist and which may furnish a worthwhile tool in planning © 
the integrated groups of irrigation and multipurpose projects that will make a 
Mi the best use of land and water resources along the west coast | region of the ee 
- United States. It is hoped that workers in this field will test it by additional s 


re data, use their knowledge and experience to correct: and refine it, and so make » vie 


these basic relationships as useful as possible i in solving | practical 
. It is not to be expected that this method will serve as an easy substitute jy i 
for detailed « economic studies, i in which the agricultural history of near-by and 
ae comparable developed « areas is 3 used to predict production on the project in ic 


agen a The method will serve as a check on the v validity of the a areas — ; 
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REFLECTIONS ON STANDARD 


rable e influence | ‘upon t 1 the manufacture of materia ol 


80 powerful a a tool ‘shoul - La d ed in an manner ¢ consistent with scienti fc . 


This attempts to rationalize the formulation of such standard « 


tion of the scienti 


design live 1 


Rational a and scientific methods for designin ng neering “are 
- comparatively new. Until the last one hundred and fifty years of f recorde aa 
A 
“history, ¢ engineering was practiced as an art. ‘Up to that time great ¢ 
works: were created by artists, whose genius of intuition was guided by sound 4 
empirical knowledge acquired through i individual experience. For a long tim 
: engineering and science progressed at a different level and at a different pace. ‘ 
; ‘Scientists of that time, such as Euler, Hooke, Poisson, and others, whose i in- 
E vestigations, subsequently, had a most decisive influence upon s structural eS 
sign and analysis, worked on an entirely different | level ; it took 1 many , decades z 
_ before their theoretical achievements affected the engineer’s methods of design. _ 


the of science and that of 
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dard specifications for structural design determine th . effecti ———— 
nich an engineer Util 
method in their preparation. Two examples, dealing with 
th fatigue strength of butt welds, 
‘ 
4 
F 
the gradual red 


‘Thus, engineering is being gradually transformed from a profession. based ficatia 
Sas tradition and individual experience | to one e relying more and more on the they P 


classified collective experience provided by that nome: 


the judgment, based on objective evidence pa “effect: 
- must not be allowed to supersede eit. Only where the ‘objective approach has ff langu 
not been will it be to rely upon subjective alone. 0: 
--_ Knowledge is obtained directly by perception or indirectly by ‘argument, defini 
Sit Since such knowledge as is perceived or experienced directly through sensations, num 
Fay: by obseryation or or measurement, furnishes the premises of that part derived by’ spher 
ee argument, experience ‘Tepresents the sole source of knowledge. From the conve 

premises of direct experience attempts are ‘made to justify some degree of ra-  perfo 


i ma eee tional belief about all sorts of inferences and conclusions by perceiving logical J form: 


relations connecting t them. Terms such as “certain” and ‘ “probable” describe the n 
“or id the different degrees of this belief according to the volume of e experience sup- ‘surer 

| Hae ms q porting i it. The purpose or aim of these inferences and conclusions is to organ- altho 
i| ize, for subsequent application, factual knowledge—using ‘interpretation, exist 
ae °s -eralization, and abstraction—mostly i in the form of data or mathematical fune- be j ju 

tions describing the regularities and recurrences of the observed phenomena. 
a sok __ Fundamentally, i it makes no difference, however, whether the formulation the f 

mathematical or verbal. There is no particular virtue in mathematical mars 
| functions or in numbers assuch. If they are not really representative, they by tl 
| be even more misleading than verbal statements; because, psychologically, the the 
number or ‘formula is is bound t to give the i impression | of accuracy. 
| engineering knowledge i is still descriptive, although i its presentation cont 
a mathematical . Asin in the case of the genuinely descriptive marine or founda- pher 
tion engineering, there i is always an undisguised, immediate, and real experience 
(eee as the basis of every generalization. _ The development toward an exact science #j one- 
using mathematical abstractions and mathematical language, however, here 
leads: occasionally to the ascendency (or. domination) of of the mathematical whe 
form over the real physical content— to an overvaluation o of the mathematical and 
Ae cat exactness inherent in an expression of physical reality and, consequently, to a tain 

‘serious distortion of perspective. avoid the pitfalls of the mathematical 


ae Me ‘approach to en; engineering problems, it is essential to realize and to check on its be 


‘The significance s attributed to information expressed by n numbers or mathe baa 


ae ‘matical functions is an indication of the level of scientific organization of ex- = 
‘perience . At the level of descriptive science, experience is purely qualitative | 


and, therefore, not measurable. Most knowledge has not advanced bey yond the 

this stage. A higher level is reached when methods of measuring assumedly dif 

recurrent phenomena have been developed and when the resulting Ta 
‘the 


_—_ j-  . engineering has not become an exact science—it remains a social activity. § 4 sion 
‘ 
ir 
| 
| 
2 
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— 
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sis, fication which they express. The number or the mathematical function reaches a 
ity. § a significance of its own only at the highest level of organization of knowledge— — 
6 at that of exact science, where the relations between sets of causes and resulting — 
ige, effects have been so reliably established that their expression in mathematical a 


ont. 
me number may be determined by a well-defined measurement belonging to the © 
by’ ‘sphere of exact physical ‘science, it does not represent more than an arbitrary 


the conventional classification ¢ of the with to a desired structural 


ical formance best it can 1 be used for purposes practical designation of 
ibe the material ; it therefore belongs toa stage of descriptive science where me mea- 
=i ees of phenomena already play an important part, but where rational — 


ne- be justified by the physical reality behind them. 
However, even where mathematical presentation is justified, or 
jon the function can be expected to fit the observed reality only as closely as by | the 


can fg by the margin of error detectable with the instruments used. Hence, with both — ae 
the the extension of the observational range and the perfection of f instruments, the he 
a accuracy and reliability of such data and mathematical formulas will undergo © 
ion @ continual improvement. Moreover, the regularity and recurrence of physical 
da- quantities, constants will never be perfect in a numerical 


hat § nomena, and their relative i gee is determined by the ‘Tigor: of the classi- 


tural engineering, the methods of which are relatively exact, dates are frequently 
| utilized that do not even belong to the empiric level—as when specifying “Ss 


ae Only : a ‘small part of technical science has attained this level ; even in struc- ei : 


§j definite number for elongation at rupture of structural steel. . Although this — fi 


j 


empiric, correlation with essential physical properties is is still | non- 


margin of uncertainty inherent in the process of sampling and observation and we 


nce #™ sense. ~ This fact requires the replacement of the conventional concepts of 
nce i one-valued functional correlation by concepts embodying the uncertainty in- 
ret, m herent in any observation, abstraction, or presentation of physical phenomena— 
ical where both constants and laws are - considered to be of a statistical character < 
cal and where the closest approach to constancy which a physical quality may at- 
0a tain is understood to be such that it may be represented by | a frequency dis- ve 
cal tribution for which all assignable causes of variation have been eliminated ‘ah We 


its ee Ultimately it is of no consequence whether the fluctuations are real, o 


he- deficiencies i in the procedure of observation or measurement: — Thus, for ex- 


“ieative, and inherent in in 1 the. quality considered or are apparent and caused by - ; 


ample, the e strength o of a material, , all things being equal, should be a fairly regu- 
and recurrent physical quality. Notwo samples, however, , will show exactly 
the same test strength, except by pure chance. uations may result from 

differences i in the quality of the material forming ‘the individual 1 samples and — Ports: 
lack of uniformity within the samples, They may, however, result from 
the: method by which the samples have been taken and prepared ; from aS 
procedure of testing; f = inaccuracies of observation and measurement ; ee 


no absolute significance; é§§ 
ney are Uselul Olly as lar as are sulvaple vo delimit certain classes of 
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‘eon a ‘combination of f these. The difficulties increase with increasing com- § solv 
plexity of the phenomenon or the quality considered or of the sampling and Corr 
testing procedure. Whereas, for instance, the results of the static tension test «star 
q 
a Of steel are fairly uniform and interpretable, those of fatigue | tests display i irs of t 
regularities ‘and frequently become inconclusive. The question, then, is 
whether such lack of uniformity is an inherent characteristic of the fatigue suff 
a zB strength of the material or is the result of the sampling and testing operation. i sup 
Boar he a Generally engineering research is not so much concerned with the behavior | ape 
= ae of individual specimens of a certain n group as with the behavior of the group | Fs tet 
itself.“ “Weight” or: “strength” are abstractions | not intended to represent the gin 
measurable quality of an individual but rather of the “bulk” 
Th 

exa: mel 
refers to the “u universe” ’ of states of which, for a specified group of 
structures, may be expected to occur. Since the behavior of a “bulk” or “uni-_ jud 

__-verse”’ can be represented only by a distribution curve of statistical | frequencies, 
law describing the relation of real physical qualities will, to a certain extent, 
1 best statistical even if, fundamentally, its character i is that of an exact law. 

These b basic aspects of engineering s science have particular bearing on the 

preparation of standard specifications for structural design. The designer 


relies on the specifications for all relevant information about the fundamental 


assumptions and premises of his design. He cannot and should not be expected 


tow 
| 


ifs to ascertain, select, and appraise, for each structure individually, the basic bo 
facts and conditions, such as load or permissible stresses, by which both the an 

safety and the economy of the structure will be determined. This is because 
in exceptional cases will he command the wide knowledge ane gh 
On 


the organized experience of the profession and to substitute the 
The standard specification represents this judgment: It is the result of a 

ae ‘collective effort of the leading groups within the profession and attempts to ‘I ies 

he convey the quintessence of factual knowledge and engineering experience; it 
arrived at by the application of objective methods of research and by rational . it 

_ interpretation of the results. — Its purpose is to relieve the designer of the re- an i) ke 

sponsibility of selecting the premises and assumptions of the analysis of an fc 

— individual structure, and to do so by establishing the fundamental relations and 4 2 d 

pertaining to the design of large groups of structures having ng certain 

; Sp aver in common, such as the material, the type of load, or the structural 9” 

Shape. This procedure has ‘so far been successful 1: The number of structures 
designed, rather effectively, by engineers: with no more than preliminary ex- 


e the : scope the problems to a 


: 
£plexity o UaSKS Increas 
— 


solved and of the decisions to be reached collectively. and 
correctness of these decisions, embodied in and con nveyed by the respective 
st standard specifications, is therefore becoming ever more important. _ Because ee 
n | of the extensive and differentiated knowledge required, the questions arise as : 
is to whether the methods by which collective decisions have been reached are 


1e sufficiently effective and as to whether subjective judgment a 
supported by objective evidence, is not allowed to Play too important 


ip Standard specifications determine the efficiency of the utilization of en- 
16 - snoering materials ; they decisively affect the safety of structures; and they 


of influence upon the manufacture of technical materials. 


al gineering progress. -Thisis particularly important because the utmost effective- _ 
of in the utilization of basic materials is no longer a matter of individual 

2 Among the subjects 's of fundamental character covered by specifications for a 


18 - merely with judicious care and caution, but i in a manner consistent with en-— 


structural design are: (1) Design loads; (2) resistance of structural members a 

and shapes and their permissible stresses ; and (3) performance, Soe 

quality control of structural materials. ‘These are interdependent and must 

be coordinated. _ Thus, a specified permissible stress has real meaning only in 

ta conjunction with the : e specification of the design load and the method of struc- ‘ 

tural analysis. ~The conventional procedure by which standards for design 23 
7 - loads, for perm missible stresses, and for classifying and selecting materials are 

devised independently and frequently by different groups—administrative 

bodies specifying loads; professional so societies dealing with matters of s structural 


- analysis and strength ; and organizations engaged in the testing of manufac- 


should be replaced by a process coordinating : all relevant data and information, 
Only: such a process would result in balanced standard specifications 
_ A rational approach to any problem requires the the appraisal of the n Meaning 


= of the terms and concepts, since 1 meanings often are e not what they appear sad . 


oO 


- first sight. Ay very effective tool for this purpose is P. W. Bridgman’s “opera-_ 
tional analysis’”"—namely, making an analysis’ of what i is actually done when 


using the concept leads to a ‘Teal understanding of its meaning. Using this 


ag method for the analysis of the. concept of ‘ “standard specification for design,” 
fie it is found that the “operation’ ’ consists in _ applyin ng organized fundamental - 
knowledge, derived from past experience and presented i ina form most suitable 


n 
d i EF for practical u: use, to the « design of new structures which are expected to serve he: ee 
definite purpose during a period into a more or less distant future. 
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ae | requires prediction of future development (mainly of load and traffic volume), wae 
"i of changes of resistance, and of the state of maintenance and of the deteriora- = 
 _2**The Safety by Alfred M. Freudenthal, Proceedings, ASCE, Vol 
— 
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tion of the structure. ‘These latter ar are matters for and 


| 


ey = them the relevant relationships either by s statistical inference or by induc- 
B tion. 3 Each of the two approaches leads to a different kind of knowledge: — 
an Reasoning by induction, justified only if the factual evidence is conclusive, 


Bie, _ leads to knowledge of principles and to definite functional relationships of 
= ee general validity; statistical inference, dealing with arguments which are not 
fia 


conclusive, but about which a certain degree of belief may rationally be enter- — 
eet aa tained because it is supported by an appropriate amount of direct aon 
: ee leads to knowledge of facts only and to correlations between certain variables. 
i _ The reliability of these approaches is determined by the amount of evidence 
ae available; the range ofv alidity is restricted to the original range of observation. _ 
Res a > 9a is D not always easy to draw a line between the two approaches because of 
ae ‘the réle | played by the concept of chance. “Chance” may be subjective as 
well as objective. Subjective chance is a measure of i of principles, 
a the knowledge of of which would enable one to predict the occurrence of certain — 

events. If, , however, such events are brought about by a a coincidence of causes” - 
Pe and circumstances so numerous and so complex that knowledge of principles _ 
leading tc to prediction i is altogether out of mental reach, this is defined as objective 
Because it is often difficult to determine whether the chance happen- 
ings entering into experience | have a subjective or an objective character, the — 


boundary between logical induction ai and statistical inference remains indistinct. 


data that Tepresent ‘past experience” are obtained either ‘sta- 


Ae 


tistical evaluation of observations of phenomena which bear directly | on the a 
quality | considered (such as traffic records or wind velocity records for the de- 
termination of service loads) ; (2) by observations of the behavior of Moe tl . 
structures (service records) ; or (3) by the interpretation of the results of tests 
| n. The testing ¢ of 
ee - full-seale models of structures i is mostly impracticable because of their size and 
the complexity of service | conditions—the cost of reproducing which is pro- 
 hibitive. “Past experience” will, therefore, have to be based upon tests of 
designed and selected ‘comparatively small specimens. Such tests 
will be rationally interpretable if they have structural significance—that is, 
if the specimens tested can be considered as models, having been designed i et 


rdance with the relevant laws of mechanical ‘(not merely geometrical) 


Tests will result i in the ‘aequisition of factual evidence 


4 


(a) can be rationally correlated with the problem under consideration; 
‘The characteristics observed are real physical properties, measurable 


in ORO? Hg units, so as to make the tests s easily reproducible and 


Sel 
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ae The ‘‘operational”’ definition shows that the first step in preparing specifica- § | 
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foot? 
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variables or. r groups of variables, the relevance of which has not been 
oh (d) ‘They have been repeated frequently, enough t to control the variabilities wa 
bys statistical methods in order to recognize their physical significance. 


q - Conventional tests are mostly comparative ; their structural significance is 


doubtful or vague, as is their correlation with actual structural performance. a 
With regard to structural materials, modern technological skill in securing 
sp specified properties is as yet not equaled by ability to discern, to specify ra- : 
tionally, and to control the properties: which are | with regard to othe 


Since past experience is to be applied to present. construction, the expected ce : 
behavior of the structure must be predicted on the strength of such experience. 
Thin requires the introduction of control: : Making sure that what is being d ~ ae 
is what is intended following available experience and knowledge. Obviously, : 
of such control cannot be performed by direct observation of the relevant charac- 
teristics, such as the actual resistance of the structure, but only by observing — 
_ and recording one or a number of easily measurable qualities which, singly me: a m 
jointly, can be considered ‘representative. The selection of representative 
re qualities and of adequate testing methods is, therefore, the first step in the es- 
e, tablishment of control. The second i is 3 the selection of representative amples 
and the specification ¢ of their number and of the manner in which they a are to 
taken, so as | to enable rational about the quality of the 
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. pilities of the relevant characteristics | upon | pc and every stage of the manu- 
facturing: process | of the structure, from the production of the raw material to 


i’ ne ‘When devising representative control tests, one has to rely on: (1) A strict | 23 
~ functional relationship between the relevant characteristic and the observed 
property, (2) a statistical correlation, or (3) merely an intuitive qualitative eS 
correlation. In practical application, the difference between relationships (1) 
(2) is one of grade rather than one of principle—a strict functional rela- 
_ tionship usually being considered the limit of perfection n of a a statistical ri 
tion. Also, the number of standard tests based upon a functional Telationship 
between the representative and the represented qualities is surprisingly small, 
and most tests are based on an intuitive correlation. The general application of of so ee 
statistical methods in analyzing and drawing up . standard specifications i is one ae Ad! 
_ of the conditions of the rational utilization of materials, 4 
a __ Statistical methods have two different functions : One descriptive, concerned 
with the concise presentation of the variabilities of certain characteristics of — 


Lt 
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lig such ‘description and presentation in n the -generaliz ation | and the pre- 
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since, frequently, having found. a complete and. satisfactory method of Kc 
_ description, the engineer becomes less careful about the transitional arguments — ale 
which he attempts to justify the use of this description for no 
~The ability to discriminate between the descriptive and the inductive use of 
7 “statistics, as well as between functional, statistical, and intuitive correlation of 4 su 
phenomena, acquired by frequent and judicious application of statistical meth-— al 
b ods, i is important. The. engineer thus acquires not merely the habit of sepa- fa 
eh a rating assignable causes of variation of a phenomenon from chance variabilities, : th 
but also the faculty of discriminating between subjective and objective chance 
ee a causes, without losing sight of the arbitrary nature and of the expediency i in- ef lo 
volved in all technical applications. He will also learn necessary caution when a ‘in 
generalizing from a limited amount of experience. Particularly in the prepara-_ 
a tions of standard specifications will this intuitive familiarity with the possibilities: 
as well as with the pitfalls o of the statistical methods prove important. 
an illustration of the preceding arguments an attempt will be made to ir 
establish a rational approach to the drafting | of two typical standard specifica- 
tions for structural design. Since the data on which the examples could 
Une i ba ased are not exhaustive, these examples are suggestive of the method « applied y 
The design live load for short-span bridges or bridge members is 


a represented by the vehicle with the most severe concentration of — 

a that is, by : a fully loaded truck traveling at high speed. i However, for medium 4 
Me and long spans the effect of the individual load concentration is small compared — 
_ with the effect of the total weight of the traffic properly distributed over the — 
respective influence line; uniformly distributed design load will therefore 
represent actual loading conditions. This design load is affected by the char- 


acter of the traffic; by its distribution, density, and speed ; by the number 0 of 4 


eee traffic lanes; by the expected period of service; and by probable changes i in the | 
traffic characteristics during the period ¢ of service. Information 


VY heaviest types of vehicles is insufficient, and the fact that the ex existing specifica- 
4 oe _ tions convey only this information—apart from a more or less arbitrary impact 
ce ae The types of vehicles using the modern highway are the ices, car, the © 
a as a passenger bus, the single truck, and the power unit or tractor with semitrailer 
mo. BS or trailer. Denoting the loaded weights 0 of the various groups of vehicles sby 
Wi: ++,Wa,their empty weights by W's: the average frequencies” of 
occurrence of the various groups by F; yn, the average frequencies of 
occurrence of the loaded vehicles of a certain group by and the 
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term of this expression is to be considered a frequency 
1 represents the e static weight of the design load, the vehicles being placed 
1 ” along the traffic lanes close to each other. The real traffic load i is, ee ss 
not static but travels over the structure at a certain speed, exerting dynamic ‘ 
' influences i in addition to its static weight. At the same time the distances — 
_. between the consecutive vehicles will increase with their traveling speed, re- 
: ~ sulting i in a reduction of the specific | load = both the load-increasing on Al 


and the reducing - effects of the traveling speed are combined into « one 


-reducing effects: as | functions of the speed, Let the impact 


increment and its ra range bea fi a of the number of vehicles n: 


average spacing between vehicles (center to 


peat 


=) 


| 0150. 


The chance fluctuations of I(v) about its av average Uv) can be assumed to reach - 
80 as to include zero distance between consecutive vehicles a an 


— 


ing more two traveling trucks per lane, , corresponding to spans exceeding 
Th weight distribution diagrams of the p principal type of vehicle, the 
truck, can be deduced from traffic’ surveys* and studies® conducted by the 
4 United States Public Roads Administration. These surveys also show that ae : 
ee the proportion of trucks of all types (including passenger buses) is normally — 


between 10% and 25% of the total number of vehicles and that the proportion Bad Jae 


4 Publie Roads, Vol. 15, 1984, pp. 248-247; Vol. 16, 1935, pp. 17-81, 68-74, 226-237, and 238-230; oe 
ol 17, 1986, pp. 118-127, 
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— Weights and Dimensions of 


DESIGN: 
a ing the relation between the | weight ‘and length of trucks, it n may be yconcluded 
a the rafios of the average weights of single trucks, tractor-semitrailers, oa 
ee ' tractor-trailers are approximately | 1:1. 5: 2.5 ) although the ratios of the respective — 
lengths 2 are about 1:1.5:1.9. Hence, the specific loads of single trucks 3 very, 
a = nearly equal those of tractor-semitrailer combinations; the tractor-trailer com- 
oy, binations are about one third heavier. The number of these ‘combinations, a 
however, does not exceed an average of 15% of the total number of trucks. Py! - 
__ Distribution diagrams « of the gross weight of both loaded and empty single 
trucks and of their over-all length have been deduced from ‘the surveys and 


_ observations of the Public Roads Administration and presented in Fig. 1 
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Percentage of Observations | 


Average 
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a (standard devi 8,200 

W, and (maximum range, with a probability of 0.999) 
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22.0 ft 


(max) = L + 3.70 = 35.5 ft (probability 0. 


senger cars; their variations, “however, are comparatively s small a 
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of passenger cars be be assumed ; no dil 
between loaded andempty cars. 
ter To establish the (average) design load according to Eq. 1, the sala - =, 
4 values in Table 1 1 should be introduced. These average frequency ratios . 
amended to provide for future de- TABLE. 1—Vanuzs or Frequency 


of traffic. The loads of PERCENTAGES oF Groups oF VEHICLES 
trucks as presented in Fig. 
increased by 50% to anticipate rapid Line Traffic 
development of heavy « cargo hauling San, ond 
on highways; likewise, the specific | 


loads of passenger cars are increased 

20%, although eve even this: figure of the total number (n) of vehicles. 

appears excessive in view of the prob- » Average of loaded vehicles in group. 

increased use of light ‘materials 


nge of w_(Probability 0 0.001) 


~ 


bs 


ific Load per Lane, in Pounds per Foot 


ing with di 

( u Effect of 
Static Design Load 


_Traveling Design L Load (1+J) 


i Loaded Length, in Feet 


Fig. 2. Live Loaps For Higuway Brivazs 


t “the is what for the most part happens” — —the static load 


and the “dynamic” design load (1 + have been 


Eqs. 1 to. 4 and the frequency distributions of Fig. 1 _ The results ol 


a! 


4 
4 
tribution of load intensities as the “‘a priori” probability of the occurrence of 
| q _ these intensities in future—a procedure dating back to Aristotle who stated = _ 
| | | |. | | |. 
imum Range |. | | | i 
a — 
— 
— 
Pertaining to a that values will fall outside this range have 


Papers 


been computed for a two-la ire of a lengt ae 


accommodating 8, 9, and 27 vehicles, respectively, per lane 
ioe a establishing the maximum upper ‘range of fluctuations, on which the 
- safety factor pertaining to the design load depends, variations caused by fluctua- 
tions of the weight of vehicles according to Fig. 1(a), variations caused by 


- fluctuations i in the ratio of trucks, ‘and variations caused by fluctuations i in the 


res of empty vehicles have been evaluated individually and statistically 


. Thus, i in the case of eighteen vehicles on the bridge, for in- 
stance, ‘the static design load wzo comprises one loaded tractor-trailer, four ear 
loaded trucks, and one empty truck, and twelve passenger cars, all of average ag om 
4 weight; the maximum load due to fluctuations of weight results from the same yD ogra 
grouping of vehicles" of maximum weight. The maximum variation due to | me 


fluctuations of the ratio of trucks results i in a group consisting of three loaded 1 a 
eeneeelianes and one empty tractor-trailer, six loaded trucks and two empty 
i) trucks, and six passenger cars, all of average weight; the range of of variations J 
HF due to fluctuations in the ratio of empty trucks i is determined by replacing the | 


empty truck in the design-load group by a loaded. one. Different groupings of 
a a vehicles result in varying lengths of the structures accommodating them, 


E. ae Bee... In Fig. 2 it is § shown that, contrary to conventional | assumptions, the a q 
load wz LO considerably exceeds the “dynamic” load w (i+. I). This i is be- 
2 ae cause the influence of the dynamic load increment is less than the reduction of the 4 val 
caused by the increased spacing of traveling vehicles. . However, itshould res 
Po be borne in mind that the strain caused i in the structure by the highly infre- 4 i 
quent load wzo is to be compared with the yield point or the static strength of 
3 the material, whereas the strain resulting from the frequently occurring travel- 


ing load—between 500,000 and 10,000,000 occurrences according to span nand 


x i. increasing with ‘decreasing spans—is to be compared with the endurance or x 
fatigue limit, which is considerably lower than the static strength. 
‘A direct numerical comparison of the computed design loads Wro OF 


)w ith the conventional design loads would be misleading because 


a the loads pertain to different safety factors and permissible stresses, the — 


of which would 1 require the joint consideration of loads, ‘structural resist- iy 

a ance, and selection of material—a procedure ‘possible only if the presentation 7 3 

of facts is uniform throughout and ‘statistical. The usual ‘stipulation of 

minimum strength value instead of an average value together with ‘ranges of 

fluctuations s based on the standard deviation effectively prevents such coordina- a pa 

n. On the other hand, elaborate s statistical methods of of quality control of. _ . Pe 

structural materials cannot affect the design if the traditional arbitrary rape a 

However, even perfect coordination by systematic of ‘stat tical 

; "methods will fall short of its purpose | if it is one of f form only. | ‘The importance — mn 

of analyzing the compatibility of the correlated qualities cannot be emphasized ~ C 

strongly enough. There is as little sense in correlating the strain resulting di 

from a | frequently repeated, rapidly moving load with the yield limit of a |e 


moving load with the fatigue See 
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higher than could be justified from the factual evidence and a rather unfavor- : 


e appraisal of future developments. = 


bridge steel, ‘the Committee on Fatigue Testing of the "Welding Re- 


search Council of the Engineering Foundation has jnitiated an extensive | pro- Pe 


gram of tests of butt-welded specimens, prepared under fairly controlled _ 


mercial conditions. From the test results, values are deduced for: 


the fatigue strength which may be dependably « in butt- 
m. “se welded joints commercially produced under standard specifications; to — 
which dependable strength a designer will of course apply whatever factor 


a safety he deems appropriate for his particular condition.’”” 


study of the test results : and of the conclusions shows that, because of the 


lack of a strictly rational, statistical interpretation of these results, their full 


: implication has been missed, thus partly depriving an otherwise excellent and Fa 
valuable test se series of its merits. In the independent analysis of 


ment 0 ofa rational meaning of the term “dependable,” a as s well 2 as to: an estimate 
of more objective value of the safety factor than that which the designer is 


“deems appropriate.” Contrary to the procedure adopted in the WwW elding 
a Research Council report, it has not been found n necessary to introduce arbi- | a 


trary criteria for eliminating test results only: = 

a because they would in each case affect the average in a direction for ¥ 2 

- which it is felt that they have too weak a basis in fact as compared with — 
the other data in the same group.”* 

results of tests on one hundred and eighty-six commercially fabricated, 


* 


butt-welded specimens—S5 i in. gin. in critical cross section—are summarized 


divided by ‘the number of cycles sustained (sr/N ), taken : from individual 
_ tests have been converted into the approximate fatigue strength 8r0 at 
: 100, 000 cycles a1 No = 2 2,000, 000: cycles by using th the empirical 
In @ manner similar to. that adopted i in the report of the Welding iid 
Council.¢ Exponent v was derived from tests by establishing the frequency 
distribution of the number of cycles N endured to failure under 1 various stress 


Strength of Butt Welds in Ordinary Bridge Steel, ” Report No. 8, Committee on Fatigue 
‘Teting Welding Research York, N. Y., 1943. 
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conventional values of desion loads rom Fig. 2that 
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TABLE _OpsERVATIONS To THE or 

Wetps "(SPECIMENS 5 In. By In., “ORDINARY STRUCTURAL 

STEEL) Srressep From ZEro “TO TENSION 


© Appiiep LoaD FROM 0 TO 


Lp per 8 . 


Series xX: 


391,800 | 17,100 
| 986100 | 21,100 


36,300 
: 88,500 33 800 
40,000 34 900 
40,500 Tha 37 18,700 
49/300 
Series T: 


| 
631,700 | 38,500 19:100 


© L Loap 0 9 20, +20,000 


179,700 28,700 | 


1,052,100 | 43,200 
| | 
1,103,200 | 43,900 
1,154,000 | 44,500 


— 
= 
— 
| 202,600 6,100 22,500 105,700 45,700 23,000 Be 
— Series 82,100 | 
— 


DESIGN SPECIFICATIONS: 


3,912,350 


265,700 | 33,300 18,000 


o equals the fatigue strength, in pounds per square inch, computed from the applied load and the on ae 
observed number of load-applications sustained prior to failure. A positive sign denotes tension. rag 


amplitudes ( (see Fig. 3) and ¢ computing the value of from the. averages. 


| 
pr rocedure is contrary to that of the Welding Research Council report in which 


a value of vy = 0.13 was assumed on the basis of and not t entirely 


— 


— 


elt 


3.—FREquencr DISTRIBUTION OF THE NUMBER OF Cones N ‘Reqummep To Causn 


2 The. applied procedure appears fully justified since the apparently | Sas: 

sistent values of N show a unimodal distribution which, however widespread oe 
and i skew, i is fairly well reproducible by the second approximation o of the Normal | eS, 


Law. ‘Thus, , with the resulting values of »y = 0.235 for | pulsating stresses and Sa 
v= 


0.205 for — stresses, the values of the 


— 
| 
a 
ila 
§ | 1,611,200 | 38,500 | *19,000 || 38,200 | 18800  #### 
88 2,739,100 43,500 21,000 100 4,354,400 | 48,700 | 24,000 — 
| 4,548,600 | 49,100 | 24,800 || Series K: | 
954,800 ] 34,000 | 16,800 |} 102 | 811,000 | 32,700 | 16,200 
1,530,700 | 37,900 | 18,800 |} _ 103 1,228,000 36,100} 17300 
o2 1,882,400 | 39,700 (19,700 || SeriesL: | 
SeriesD: | | 104° 1,305,300 36,500 | 18100 
| 37,000 | 18,300 || 105 | 1,508,600 37,900 | 18,700 
Series E: | | 34950 
— 
— 
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‘DESIGN SPECIFICATIONS Papers 
“TABLE 3. 


DETERMINE THE FATIGUE STRENGTH OF 
Burr (Specimens 5 IN. py In., ORDINARY SraveroraL 
4 


Appiiep Loap From +20,000TO 
165,700 | 22,100 12,000 41. -833,500 | 24,700 | 13,400 
361,600 | 26, _ 42 | 1,254,200 | 26,800 | 14,600 
3° | 84,700 19,300 | 10,400 56,200 | 14,200 | 7,900 
law 184,000 | 22,600 | 12,300 || 44 | 244200] 19,200] 10,400 
329,900 | 25,500 | 13,800 || 45 | 597,600 | 23100 | 12200 
| 1,634,300 | | 28,400 | 15,400 
42,600 | 16,800 | (9,100 || Series XxX:| | 
134,200 | —21,300'| 11,500 47 ~—-263,000 | 19,500 | 10,600 
| 192,700 | | 48 336,800 | 20,500 | 11,100 
49° 545,500 | 22,700 | 12,300 
391,500 | 26,400 | 14,300 || 50 | 118,000 | 16,00 | 9,000 
402,700 | 26,600 | 14,400 || 651 197,000 |, 18,400 10,000 
67,200 | 18,500 | 8,900 || 53 83,400} 15,400 | 8,800 a 
78,200 | 19,000 | 10,200 |} 54 85600 | 15,500 | 8400 
19,300 | 10,400 |} 56 | 935,900-| 25,300 | 13,700 
143,600 | 21,500 | 11,600 |] Series D: 
_ 434:700 | 27,000 14700 |} 57 | 16,700 | 8.200 
Series F: 58 | 155,800 | 17,500 | 9,500 
160,100 | 22,000 | 11,900 || 59 | 246,000 | 19,400 
19 | 161,500 | 22,100 | 11,900 || Series F: 
20, 197,800 | 23,000 | 12,500 || 60 | 504,400 | 22,300 12,1000 
68,000 | 18,500 | 10,000 62 616,300 | 23,200 | 12,600 a 
22 | 119,200 | 20,800 | 11,300 || Series G: 
1825200 | 21,200 | 115500 | 345,300 | 20,600 | 11,200 
85,300 | 19, 10,500 || 65. 1,006,000 25,600 | 13,900 
25 =| 225,900 | 23, 
2 000 |} 66 ‘| 613,000 | 23,200] 12,600 
es || 82 738:900 24,100 18,000 
i 805,800 24,500 | 18,300 
300,700 | 20,800 | 11,300 
440,200 | 21,700 | 11,700 
| 25,900 | 14,000 
72 | 452,000 | 21,800 | 11,800 
— 470,000 | 22,000 11,900 
19,000 Lp SgIne eres Lz 
| 214, 100 | 18,700 | 10, 100° 
33 100 25,700 | 13,900 530,000 | 22,500 | 12 200 


Appirep Loap From +18,000 Tro 
18,000 Lp per SQIn.e 


(e) Apptimp Loap From +15, 000 To 


18,500 | 10,000 || « equals the fatigue strength, in pounds per 


11,200 


22 


4 400, 600 square inch, computed from the applied load 


Y: 
40 "787,500 


the observed number of load applications sustained 


ewe 


prior to failure. A positive sign denotes tension. a: | : 
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24.2 
39.9 
oft 
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Loading 
‘range 
(kips) 


23.9-29.1 12.05-14.55| 11 | 10. 14.10-17.26] 7 . 7.55- 9.29] 7] 
29.1-34.3| 25 | 23. 14.55-17.05| 23 | 21. 17.26-20.42| 16 | 20. 9.29-11.03) 17 
34.3-39.5| 42 17.05-19.55| 43 | 40. 20.42-23.58| 31 | 38.8 |11.03-12.77] 30 
39.5-44.9| 23 | 19.55-22.05| 22 | 20. 23.58-26.74| 22 | 27.4 |12.77-14.51| 22 | 274 | 
44.9-49.9) 7 6. 22.05-24.55| 7 26.74-29.90} 4] 5.0 |14.51-16. 4 5. 


have been ‘computed and presented i in Tables: 2a and 3. ‘Statistical evaluation 

Ys - of the results and presentation of this fatigue strength for N. = : 100,000 ‘cycles * 
and N, = = 2,000,000 cycles in the form of a frequency distribution both for — 


tero-to- tension amplitudes and for full-stress reversals (Tables. 2 and 3 and 


rae 


‘Rig. 4) the ranges: of variation about, the average values § Fo: +C where 
-1. Full Reversal, 
1. Full Reversal, N=2000000 
~ 3. Zero to Tension, N = 100000 


4. Zero to Tension, N= 2000000 


4 


Normal Lew 


= 11900 


| 


Fatigue Strength 3p, Thousands of Pounds per Square inch 


Fra. 4, —Fasquancr OF Farioun Spe tag 


_ The routine computations have been omitted from Tables 2 and 3, and Pes ee 
“toring computations will serve as examples to demonstrate the aad es 


Ly 
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The last it item of Col. 38, Table 2, is the total of sien see of 8ro0 ngeted been ¢ 
from individual tests. ‘average value then is equal to 3, 912,350/106 § Resea 


column Z(sro — - $70)? = 2,883.8 X is 


Depe 

a c=, ae. cat = + 5, 200 Ib persqin. To derive values of the skew- Minimur 


ness of the distribution ka third column ro—8 ro)" is computed fe for each test 
and the total found to be 1 ,896.8 10. ‘Thus, = 
ree Similarly, for No = 2, 000, 000 0 cycles i in n Col. Table 2: = 300 
sqin.,o = 2,500 lb per sq in., and k = +0. 09; for No 100, 000 cycles. (full, | 

reversal) in Col. 3, Table 3, sro = 22, 000 lb per sq in., 3,160 lb per sq in., 
and k = — 0.21; for N. = 2,000 ,000 cycles” (full reversal) in Col. Ps 


Table 11 900 Ik lb per sq. in,o = 1 740 Ib per sq in. and k = 24, 
q me _ Referring to Fig. 4, computations f for minimum strength (C = 3. 1 pertain- — 

,000 — 3.1 X 3,160 = 12, 200 lb per sq 

value 


(min) = 11,900 — 3. 1x 1,740 = 6,500 lb per sq 


. -Sr08 (min) = 36, 900 — 3.1 X 5,200 = 20, 800 0 Ib per sq in. 


the 
ation 
butt 

(whic 
the 


a (min) = 18, 300 — - 3.1 X 2,520 = 10,500 Ib per sq in ; 
(2, 000, 000 zero to to tension cycles) 77 


ia ate ‘The form of the frequency distributions (Fig. 4) shows that, in spite of the -weldi 
g eae ape apparent inconsistency of the primary test results, the final values are of a # Acco 


regularity typical of a genuine chance e distribution as represented by the Nor 
a rise Pee, mal Law. Even the considerable skewness of the distribution of the values of 


_N has almost completely although not a relevant has 

In Fig. 5 diagrams have been drawn, of the average: fatigue ‘strength for 


stress amplitudes and 1 range of variation pertaining toa probability of 
Be a 0.001 that an individual value will fall outside this range, together with the d 
values recommended i in the > Welding | Research Council report as “dependable” 


and with values derived from the American Welding Society Specification pi, :. 


Welded Bridges.° A. comparison of all these values shows that the 


meaningless unless ‘is cla classified by appropriate 


compare the Tanges of variation of the fatigue of butt welds 
wi 


ith those of the static strength sr of the parent material, this strength has & 


for Welded Highways and Railway Bridges,” Am. Welding Soc., 1941, p. 18, formula 


=| 
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by statistical ev evaluation of the data. 1,000 (1 in the Welding 
Research Council report,* as sr = = 61, 000 8, = 61, 000 +0. 
¥ Average 
Dependable 


(Report) 
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welds hes, therefore, the average 

values given in Table 5. 

The statistical difference between 

the specific maximum ranges of vari-_ —_ 

ation of the fatigue strength of = : 

butt welds about the average value to tension...) | 

(which is roughly + 45%) and of 
material re 

welding and of fatigue. ‘This range is therefore 0. 45)? — (0. = + 43%. * 


According to the definition of the objective safety factor,’ it is required that 
in the design of butt welds i in fatigue t wee Sater be T0438 


greater than the factor pertaining to the design of plain sections in static 


all other things being sate failure is to be prevented i in both cases — 


preparation of such specifications the barrenness of conventionality and routine 


be evaded by the scientific attitude to “engineering problems, a and a spirit of © 
vigorous critical analysis should replace traditional complacency. — Nothing id 
‘Must be taken for granted and every relation assumed must be carefully ie 


and of of engineering materials make it essential that in 
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‘tan named ‘the SAF basin, SAF (eng "Sai Anthony Falls”) 


ving at high 


paper begins with a of the for making the teste re- 


‘ported. ‘and a brief discussion of previous: work on energy dissipators. The 

| scope of the test program is then discussed as are the apparatus and test a 

methods used for each of ' the three groups or ' series of tests into which the study : 


is. arbitrarily divided. Each element ‘involved ‘in the design of the ‘stilling 


basin is discussed separately i in Section ¢ 6; under subheadings each of the various — ote 
steps: leading to the determination ‘of. the ations is discussed; and 
the pertinent test data are summarized in tables and illustrations. The a ian 4 
‘throughout has been to present the data in sufficient detail to permit an inde- 
"Pendent analysis by the reader so that he can arrive at his own conclusions — 
and discuss the paper intelligently. 1 results are summarized for -conveni- 


_ of reference so that, after evaluating the design, the reader can ‘obtain ail 
the equations: and information essential to the hydraulic design ‘of the “as 


1 Project Supervisor, U. 8. Dept. of Agricuttu 


Apolis, Minn, 
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_ & designs. In size, this stilling basin is the smallest known to the writer. The $$$ 
_ fj Size is reduced through the use of baffles and sills a — 
assist in the dissipation of the energy of water flov 
a 
3 
| 
us 
; 
— 
— 
e, SCS, St. Anthony Falls Hydr. Laboratory, Minne- 


structures throughout the world when the destructive energy in in pielng water 
ust be brought under control. Most of these energy dissipators have p per- 


2 

— the benefit of model tests. However, some of them have not performed * 

ae, their intended function, w with the result that they have been destroyed or the 
structure of which they were a part has been damaged. 

Except i in unusual circumstances, only the larger structures are the subjects 
However, they ordinarily pay dividends in im- 


roved performance and in reduced construction, maintenance, and possible — 


of individual model studies. 
In general, the structures built by the Soil Conservation 


costs. 
have proved so profitable the larger structures. However, it becomes eco- 


Service (SCS), United Agriculture, are of such | a size 


nomical to make model studies if their costs can be 2 spread over & large number 
_. small structures, as is the case with the SCS where a large n number of struc- 
_ tures are required to further its soil and water conservation program. For use a 
oy with certain of these structures it was essential that an efficient and economical — 


stilling basin be | developed ‘and that design rules be formulated sO that future 
tm stilling basins could be designed without recourse to further model studies. 
| For this reason a study of methods of dissipating energy was instigated by the 
SCS in cooperation with the Minnesota Agricultural Experiment 
. Anthony Falls Valls Hydraulic ¢ Laboratory i in in Minneapolis, 1 
more references consulted during the study upon which 
paper is based are listed i in the Bibliography (see Appendix I). The 
ee dissipators described in the references cited may be divided into three groups: 
il Sia oy Those that could be eliminated from further consideration as not being adapt ; 
i} cae <2 able le to t the problem at hand (outlets for flumes or chutes and | culverts), those iv 
that required critical study to evaluate them, and those that required tests 
Nom mention will be made of the first group. Of those that were classified — 
in the second g group, , the simple stilling basin studied by Cc. Maxwell Stanley, if 
ASCE (1),? i is outstanding. This energy dissipator consists of pool 
_ which the: energy i in the high-velocity flow i is dissipated. ' The pool i is frequently : 
rerflow | by a secondary low dam. 
g basin is larger than the SAF basin described 1 in 


illin 


Necessarily, the simple st 
paper for stilling action, its design does not include the 


"The tests made to determine the best proportions | of each element will me 


formed by a a sill or, in the case of high overflow dams, 


hacccovani separately i in Section 6 
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were made on types of stilling basin 
"classified i in the third group. The nappe-cutting energy dissipator studied 
Royal Technical University, in Stockholm, Sweden, is 


Stilling Basin 
| (Half Pian) 


0. 40b2= Aggregate Block Width 20. 


CENTER LINE SECTION 
Fic. 1.—Proportions oF ‘THE SAF 


Fellenius (2a). ORs “This stilling basin was tested to check the ‘claims aie 
fo it. The few tests at Minneapolis did not show increase in 


‘tion when no nappe cutter was used. 

was given to thistype, 
Armin | ‘Schoklitsch (3a) has published results of on 
an energy dissipator that is similar to Mr. Stanley’s simple stilling basin except 
that a sill or bucket i is used at ‘the basin entrance. This sill causes the water 6 
to enter the stilling pool above its floor’so that energy gy dissipation takes place 


‘ _ both above and below the jet. A test with the : sill removed, making the stilling © 


- basin similar to that tested by } Mr. Stanley, § showed that the use of the sill pa 


“greatly increased the efficiency of the stilling basin as an energy dissipator. me 
Schoklitsch has charts giving the dimensions and 


| ler basin studies were well advanced. , At that time the SAF stilling basin 
comparable results. Further experimentation on the energy ‘dissi- 

Pator was abandoned i in favor of the SAF stilling basin study. 
Jacob E. Warnock, ASCE (4a), has described a rectangular stilling 


: basin developed by the Bureau of Reclamation, United States Department aa 


the Interior (USBR). Exploratory tests indicated that this basin was ‘par- 


3 ticularly efficient and that its size could be reduced considerably As a result, 


approximately one half of the size of the Schoklitsch dissipator that gave 
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design rules were formulated for the BAF stilling 


basin, ‘Two general views of a stilling basin model are shown in Fig. 2. ne 


N otation.— The letter symbols used in the paper are where they 


first appear, in the text or by illustrations, and are assembled for convenience i. 
_ The studies leading to the development of the SAF stilling basin are con- 


(1) The Culvert Outlet Serie. — —In im tests the basin dimensions were first 
determine tentatively. The tests covered an narrow range of the Froude 
nut 
(2) The ‘Flume Oulle tate covered a wide range of the 
_ Froude number and were made to expand the field of application of the SAF — 


ling 


<= 


m 


nis (3) 1 The Turbine Room Series.- —The previous series of tests had | shown the 


: end sill height to be a function of the Reynolds number, mm. The turbine room 
ce tests were made to extend the range of the Reynolds number, | since its highest . 
value for the culvert and flume outlet series was less than would be btained ned 
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‘The tests also covered a wide range ¢ of the Froude number. 
> The SAF ' stilling basin design was developed and verified as a result oft two ai 
hundred seventy-four tests. The ‘number of tests i in each series and the range 
of the — are given in’ Table 1. In Table 1, Q is the discharge; V; and 
TABLE or TzstT VARIABLES 2 


for most structures, and to the for tne end il 


From| 


Culvert outlet. . 0.09 | 0.4 

a Flume outlet....| 0.04} 0.8 
room...| 0.40 | 21 
27 0. 04 21 


dy are the decay and depth, respectively, at the entrance tc to “we stilling basin; 
and dz is the theoretical depth | after the hydraulic j jump. ‘¥ The Froude number 


ra 
which g is s the acceleration due to the effect « of gravity. The Reynolds 


number i is defined ation: 


hee -W 

in which vis kinematic viscosity. 


4, 2 APPARATUS AND AND PROCEDURE 


it long 183 in. wide by 24 in. 1. deep. Plate glass: formed of the 
; channel. | Water | was supplied to ‘the models through a 4-in. pipe line and ad 
tate of flow was controlled bya gate valve. e. The rate of flow through the model 


was determined by a calibrated 1-ft type HS-flume (5). ‘Discharge m measure-_ 


ents accurate to 1% were readily obtainable. 


; The channel i in | which the turbine room series of tests was made is shown i in 


hs, a A glass panel was placed i in one side of this channel at the place where — 
the stilling basin models were to be located. The rate of flow to the models _ 
controlled by a gate: valve i in | the 12-in, supply line. Three methods of 


discharges up to 5 cu ‘ft per sec. For discharges greater than 5 5 cu ft per 
- Bee, the pi pressure drop across an 18-in. by 12-in. reducing flange was calibrated 
= and used to determine the discharge until its calibration became invalid, prob- 
ably because of “rusting at the piezometers. — A }-in. Prandtl (6) pitot tube in in 
the approach t to o the stilling basin model was then used for measuring the eal 


os Previous experiments on outlets @ have shown that it is impossible to 
follow, visually, the p progress of the erosion under: ‘the and “white 
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glass side of the enna nes Check tests (8) showed that, 


the limits of the results obtained on the half model 


Half. Model of 
Stilling Basin 


SECTION B-B 


<— Stilling well 


__Stop Logs for 


-Tailwater Control \ 
Adjustable Float 
Tube and Gate Structure 
Supported on Concrete Pedestal 
~Eroded ‘Sand Bed) Approach Channel 
Ft Type H Flume ‘Floor 


Flume Approach Channel. (b) SECTION: A 


to to Sup ort | H Flume 


the full model. As: ‘a result all the tests reported in 


were made on “half in which a was placed on the longi- 

MS al ans series was s considered to be a 3-ft s square culvert built to a scale of 1 in. 

equals 1 ft. ye half section of the culvert barrel, 1.5 in. by 3 in. ‘in section and — 


ag 7.5 ft long, was placed on a slope of 1% and connected tc to the 4-in. supply line. i 
Ano open channel transition section was placed between the culvert and the 3 


=i stilling basin to spread out the water and drop it to the — basin floor | level. a 


ass 


‘een and along the. transition pores assumed to be identical. 


> © 


— an 
ne. was 
op 
— slo 
— Cone~ 
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— ed depth of flow 
nsition was varied to give the desired dep inthe 
downstream end of the tra 
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SAINT ANTHONY FALLS 
a For the flume outlet se series, a 3-in. square pipe, 7.5 ft long, was connected to ~ 
the 4in. supply line and a rectangular nozzle 3 in. wide with an adjustable lid a 
was placed o on a slope of 1 on 2 (a f flatter slope was used for. a few tests) and 4 
was used to control the depth « of approach at the stilling basin entrance. The 
“open channel | between en the n nozzle and the stilling basin was 3 in. wide and its Pe 
oo: approach | to the stilling basin model for the turbine room series is 
-. shown in Fig. 3. Re The gate for controlling the depth of flow at the entrance 
to the m model i is at the downstream end of the cone connected to the 12-in. 
2 supply line. As it left the gate, the stream was ordinarily well distributed : 
4 across s the channel leading to the model stilling basin. However, at the larger 


> _ 


~ 


and the depth distribution | across the channel section was not satis-— 
factory. Accordingly, an n adjustable steel “float” was | placed downstream 
the gate to insure satisfactory flow conditions “ the entrance to the ver 
basin, | “float” was s used for all tests in thi series, ri 


Rubber Tubing _ 
for Gate Seal 
45 Holes 
Diameter 
Centers 
Admit Air 


ell 
Control Valve 


Room 


The velocities obtained during the turbine room ' tests w were such ‘that the 
water would ‘ordinarily entrain : air, However, it was not. possible to provide 
as long a channel between the depth control gate and the stilling barin as would 
"have been ‘desirable. For this Treason there was insufficient distance for the 
water to entrain the air that would ordinarily be] present i in 1 high-velocity flows. . 
ES An arrangement for entraining air artificially was therefore incorporated i in the om, 
design. detail of this arrangement is shown in Fig. 4. The air flow was 
measured by a square-edged orifice using equations and coefficients published 


by 8. Bean, E. Buckingham, and P. 8. “Murphy (9). 


Stop logs were used } in both test. channels for control. Water 
levels and stream-bed contours were measured with the aid of point ; gages 


; mounted on ‘carriages in such a way tl that | levels anywhere i 2 in the test t channel ae 
could be obtained readily. These gages were also used in setting the models 


All models were of the “movable bed” type; the stream bed ‘downstream 
from each stilling basin was formed in commercial concrete sand. ‘The water — re 
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hae leaving the model stilling basin was permitted to erode the stream bed “until 


‘ites the scour-hole dimensions had become stabilized. This action required about — 
min the. culvert. and flume outlet series and 2 hours for the turbine room 


- | Be _ The size of the scour hole was taken as an indication of the effectiveness 
‘The 1 method of testing the models emule Siew: The stilling basin was 
Bre - Snaalled and the stream bed was filled with sand to an elevation higher than 


the anticipated elevation of ‘the eroded stream | bed. stream bed ws was then 


erode the stream bed excessively. gate in the supply lin line was then — 
i a. a opened to g give the desired discharge and the tailwater level was : adjusted to > & 


Re the correct depth = The discharge, tailwater depth, and - water-surface profiles 
Se were recorded r near r the end of each test run. The stream bed was drained at ‘| &: 


profile of the eroded stream bed was recorded on data ‘the 
Be Saab turbine room 1 series, ¢ a contour map of the eroded stream bed was also obtained. _ 
; aa Elevations of the stream bed at selected points near the ailing basin were also | C72. 
Photographs were taken during many of the tests (see e Fig. 2(b)). o3.. 
pictures were also” obtained for selected | typical conditions. 
q the SAF stilling | basin either directly or indirectly Cos. 
the The theoretical equation for the hydraulic: jump is 


3 


| bis ein The derivation of Eq. Qa can: be found in most books on on hydraulics (10a). a 
umerous have proved the validity of this equation which can 


| Bek. ats (a) Length of Basin. ~ —As noted in Section 2, the SAF stilling basin was wadie® a 
veloped from a the rectangular stilling basin described by Mr. Warnock (4a). 
% aoa The single rectangular stilling basin tested had a design length Le of 3.75 a a; 


although Mr. Warnock used 3.00 do. . This basin w _was designed for a flow of 
= hs 7 Q = 275 cu ft per sec and a depth dy =1, 0 ft. ‘The dimensions of this stilling — 


| 
= 


4 a 
“haa ne nA: basin (shown i in Fig. 5) are in terms of the prototype, assuming s the linear pees Bs 
ratio to be 21. The results of the tests on this stilling basin under ap- 
‘proximate design fi flow conditions are presented i in Fig. 6(a) and Table 2, test C3. 
a 01 
profile shown in gig is taken along the channel center ine. Note 
adequate energy although it was entirely satisfactory from. a | 
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(a) Convert Cc (di = 1 Fr anp AND bi - 9 Fr Excepr: In Test C75 =2 Fr 
by = 4.5 Fr; anp Test C76 di = 0.5 Fr anp bi =18 Fr) 
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Outer Sznizs F Ce = 20 Fr An AND Db =6Fr Excert: In Tuers F52 F57 ds = 1.03 Fr) 


F52..| 200 | 7. 47 | 14.02 | 1.021] 3 

| 7.62] 6.47 | 12.06 | 1.021 

284 10. 14.21 0.762 

.63 | 12.18 | 0.762 


16.33 | 1.021 
13.61 
10.88 
16.38 
13.10 
9.83 
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20.18 | 1.488 
16.15 | 1.488 
12.11 | 1.488 


ONK 


gitevation of ‘maximum depth of scour, in n feet, on n channel ‘center line near en end of stilling basin. 8 Eleva- 
n of the stilling basin floor. ¢* Symbols denoting criteria for stilling basin performance, as follows: ~ 
= good; maximum depth of scour only slightly below top of oa Lad and | downstream bed) level grade 
no scour deeper than Geer of stilling basin with the’ downstream bed level 
fair; maximum depth of scour slightly below floor of stilling eile or secondary scour holes, asin 
‘Figs. 6(a), 6(f), and 8(d) (structure not in danger of being undermined),  — 
* Poor; maximum depth of scour considerably below floor of stilling basin and a large scour hole as 
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next step i in the investigation of length was to the 
ciently to bring the toe of the roller back to the upstream end. _ The results 
i Ms: of this shortening are presented in Fig. 6(b) and test C12, Table 2. The per- ae 
i ae : _ formance of the basin was not affected 1 by this length reduction and, surprisingly, 


the maximum depth of the scour hole at the end of the: stilling basin was reduced 


= 


11 @ 9 In.=8 Ft3 In. =e 


9 @9in=6 — 
Ain 


by 0.4 ft. Because’ these findings were» encouraging, the basin length was 
reduced progressively with the results shown in Fig. 6 and Table 2. 
The maximum depth of the scour hole decreased with a decrease in 
length until a a length of 1.5 d2 was reached. Further 'Teduction in th the basin 
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length resulted in an increased depth of si scour. Howe ever, the maximum 
The floor blocks and end sill. sill cause a or 
es ilwater surface elevation. ‘The height of this boil is a measure of the re 
Bea: - quired height of stilling basin side wall if overtopping is to be prevented. — ‘The i 
Eas on height of boil, determined for e each test run, remained constant at about 1 ft at 
% ~ above the tailwater surface elevation until the basin length was reduced to 
0.98 ds. — For this length of basin the boil height increased to more than 2 ft. 
For = 0: .69 dz the boil height 3 ft above | the tailwater elevation. 
i) a increase in boil height required no higher side walls : since the : maximum 
ee ad boil height occurred downstream from the end of the stilling basin. — However, i 
the large size of the scour for Lg = 0.98 was an ‘indication ¢ that the 
ty energy dissipation was pi poor. a study of the data obtained from this series of a 
; tests resulted in the decision tentatively to select 1.25 dz as the best length of — “4 
ernie After this length + was selected, the study of basin lengths v was: | deferred ‘until if 
_ the dimensions and s spacing of the floor blocks and chute blocks, end sill height, © 


and basin shape had been n investigated and | tentative conclusions had be been 
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derived from the investigation. _ When the study of basin length was resumed, > a 
. tests were planned to broaden the s scope of the previous work. The principal — 


2 dimensions of these basins and a a summary of the results are given in Table 2. as: 


silling basin for discharges other than 275 « cu ft per s sec could not be predicted — Pr: 7 


(a) Lp =3.40 do C3) 
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suming that Lg = 1.25ds. The stilling for were 
‘too short and those for higher discharges were than necessary. To 


After the data obtained for each t test were , studied, the composite | perform- te 
ance of each length of stilling basin was placed in one of the four categories ae 


, Col. 14, and the in Fig. 7. Fer. 
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g basin in terms of dz is shown 4 
to be considerably greater f for the lower erat “of F than it is for r the higher 


values of F. However, the data should be sufficient to. a 
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Eq 3° a 


this ‘connection it should be noted a rating ‘of “fain” 


an 


of 


Values 


i a when a short cutoff wall is used. A cutoff wall need not be used when the 


but not to the extent that the material i in the outlet is 
wasted. _ Eq. 3 was developed for a range of the Froude number from 3 to 
eich but was later used to design experimental stilling basins for the turbine J 


room series was designed specifically to cheek the equation for the length of the | 


oe a stilling basin, the results: ‘of the turbine room tests indicate that the original 
: design equation i is entirely satisfactory and that no change 1 in either its sina or 


x 


ey.) 
suggested curve to be used for design es in determining the length 
the basin drawn in in Fig. 7—that is is: 


‘Chute Blocks. —The chute blocks at the entrance the stilling basin 
ser h of the entering stream , break it up into a 3 
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e oh The height of the chute blocks was originally weaned: to be d, and thei 

se - width and spacing 0.75 d: at the downstream end. Their tops were made hori- 

on zontal and their sides vertical. In plan they decreased i in width with distance 

upstream to take into account the decrease in transition width (see Fig. 5). N 

change was made in the chute blocks until the basin dimensions had 

- tentatively Selected an and the floor blocks had been tentatively located. A test 

- was then made on a solid chute block such as is used in the Schoklitsch « energy "4 
fb-eearwi (3a). Tests made on this change, when compared to tests made on ie 
_ the original chute block design, , showed that there was less energy dissipated, — 

i that flow conditions in the channel downstream from the : stilling thesia were 

not as good, and that the height of the boil was greater. The chute blocks 

é were next made 1.75 dy high a at their downstream end and the - top was sloped 

s on 3 so that the jet leaving the top of the chute blocks was directed at the 
base of the f floor blocks. The result of this change was an increase in the e depth — ; 

‘s of erosion n near the end of the stilling basin over that obtained for the chute e 


= Chute blocks with the original ‘dimensions were replaced on the transition. 
_ However, they | were rectangular i in plan instead of following the arrangement 
shown i in Fig. 5; and their sides were placed parallel to the transition center 

Ee line. Little difference was found between the rectangular and trapezoidal chute 

blocks—the advantage, if any, accruing to the rectangular blocks. The chute 
blocks used i in all subsequent tests had a height of d; and a width and | spacing — <i , 

of approximately 0.75 di. Throughout the tests made from Froude numbers te 

~ of 3 to 288, no reason was found for making a change in these dimensions. = a 

making the subsequent tests, ‘sometimes a block and sometimes a space ry y 

‘indi placed next to the side wall. Apparently, it makes no difference i in the i 

_ performance of the stilling basin whether a chute block « or a space is next t to i ae 
the | side wall as long as the blocks are symmetrical about the center line of meee 

a. ae Floor Blocks. —The function. of the floor blocks i is ti to create the turbulence naeta 
through which energy is -dissipated.. Energy i is also removed from the v water 


Longitudinal Position—No particular dation was given to the 
of the floor blocks during the first length-of-basin tests. After a length equal aN im Fi 
oo to 1.25 de had been tentatively : selected as the best, the longitudinal spacing of ¥ ox 
ie the floor blocks was investigated. H) The results of these tests are presented i in 4 

_ Table 3(a) and Fig. a When the floor blocks were placed at a distance of Lp/5 _ 

‘ from. the upstream pan of the basin (Table 3(a), , test C41, and Fig. 8(a)), —. pa! 
was insufficient distance between them and the chute blocks to permit the | i) 
ay turbulence caused by the chute blocks to become fully « effective i in dissipating 
n energy. This condition is shown by the greater depth | of erosion and slightly he 
Be higher boil, for example, than in the case of test C28 in which the distance ua 
the floor blocks is L3/3. 2 (Table 3(a), test C28, and Fig. 8(b)). 7 On the othe f 
hand, when the distance to the floor blocks was 2 Lz/3 (Table 3(a), test C40, and ¥ 
8(d)), there was insufficient d distance between the floor blocks and the 
be sill to permit the turbulence caused by the floor blocks to become fully effective 
the energy. This condition is also shown by the greater 
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J 
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The depths of erosion for. the two extreme floor 


TABLE OF ‘Data FOR ‘Tests MapE oN FLoor 


LoNaITUDINAL Posrtion (b1 = 9 Fr; di = 1 Fr; Lp = 8.75 1 Fr; 
AND Ban FLoor ELEVATION = 


276 | 7.17 
276 7.17 

272 «(7.04 

282 7.32 


@) 9 Br d; = 1 Fr; Lp = 8.75 Fr; 0.75 Fr; 
Baste Froon Exzvarion = Fr) 
275 7.1 0.14 | —5.0 | 1.9 | 0.27 | 
276 «| 7.17 . 3 | 0. : 0.14 | -45 | 1.3 | 0.18 | de 
‘| 274 | 709 | 6. 7 | 0.86 | 1. 0.14 | =e 19 | 027 | Baye 


ARRANGEMENT (b1 = 9 Fr; di = 1 Fr; Lp = 8.75 Fr; =1 Fr; 


| 7.29 eto | | 0.84 120 0.14 | 0.23 


(d) = 4.5 Fr; di = 2 Fr; Lp = 15.33 Fr; = 1 Fx; 


| 20 | 0.29 

5.0 | 14 | 0.20 
0.17 


78 | 087 | 2.20 

7.6 | 0.87 | 2.23 
C75.. 7.26 0.83 | 2.11 


@ Elevation of maximum » of scour, in feet, on center line near the end of the stilling odin. 
_ > Distance from upstream end of stilling basin to floor blocks. ¢ Height of floor blocks. ¢ Floor blocks © 
r are in line with chute blocks. Compare with test C28 in which floor blocks are in line with spaces between 
chute blocks. * Percentage of stilling basin width occupied by floor blocks, ts 


aa — were approximately the same, indicating | that it i is as bad to to have too 
as little distance between the chute blocks and the floor blocks as it is to have the - 
floor blocks and end sill too close together. 
Both the depth of erosion and ‘Scour ‘pattern are nearly identical hen 
the floor blocks are located Lp/3.2 a Lp/2 from the u upstream end of the 
a basin (Table 3(a), tests C28 and 039, and Figs. 8(b) and 8(c)), and it is s impos 
eau sible to state definitely | which spacing is 3 the better from the standpoint of scour. 
ee ‘However, the boil is 1 ft higher for test C39 and therefore the longitudinal floo 
block spacing of was eliminated from further consideration. 


‘The floor blocks were placed from the upstream end of the stilling 
the ‘Subsequent | tests covered a range 


— 


han for any other run was 
il was higher t t 
— ocks. The boi test 
Bin, 
— | 29.3 | 0.85 122 | 0.14 | | 
mm 6.07 0.87 = 0.14 | —5. a 
— 6.09 | 28.3 0.83 | 1. 
6.09 | 30.4 
— 
— 
— 
— 
“bas 
— th 
‘ma 
tes 
if 
of 
| a | 
th 
“flo 


Height.—The height of the floor blocks for the first’ 
_ was assumed to be 5 d,/4. During these tests ‘the floor block height was re- Mies. 
to with ‘no apparent adverse effects. the floor block height 
was investigated, a further reduction to 3 d:/4 was made. i* The result of this 
test cago 3(6)) was an increase in both the height of boil and —_ of scour. 


> 


Eroded Stream Bed 


’ 


pths, i 


i 


| 


Distance, 


‘The result o of i increasing height the floor ‘blocks to 3 d 1/2 the same—an 
increase in both the height of boil and | depth of scour over that for a block = 
“height of di. Accordingly, a floor block height to was used for all 
Width: and Spacing — —The width and sp spacing of the we was ordi- 
narily 3 made equal to ‘those of the chute blocks. However, for the stilling 
- basins that diverged i in plan (see Fig. 1 and Section 6(A)), the floor block width i ae 


ands spacing were increased in proportion to the increase in 1 stilling basin width Be 


2 


-—Ordinarily, the floor blocks were opposite the spaces be- &, 


: tween the chute blocks to intercept and break up the stream issuing through — 
these spaces. — To test the effectiveness « of this arrangement, a ‘single test was i 

} made with the floor blocks in line with the chute blocks. The results of this - 
test (C42) are given in Table 3(c). They may be compared with the results _ 
_ of test C28, although the tabulated data do not give the complete story since ie - 
ry bad whirl developed along the side of the downstream channel for test C42 - 
that caused considerable bed erosion and bank erosion. For. all subsequent re 
tests the floor blocks were alined with the spaces between ‘the chute | blocks. Te ‘5 
Aggregate Floor ‘Block Width. —Insufficient water can pass between the 


flo oor blocks if they occupy too much of the basin width; then act 


5 

— 

° a 
Ae 
ween 
too 
the 
hen 
oor 
— 
— 


SAINT | 


"more like a sill like individual blocks. This fact was vividly 


when a test was I made on a narrow stilling basin with a higher value of dy than - 
had been used prior to that time. The floor bl locks, when 3 wide, 


Ic 
tructed 67% of the stilling basin width (Table > 3(d), test C73). The boil 
pote by these wide blocks was very high ‘and overtopped the basin side wall. _ 


eS all previous tests, where the floor blocks had obstructed 43% of the basin 
_ width, the boil height was much less.) The results of two additional tests on 
ths stilling basin are given in Table 3(d). In these tests the floor block width 
was reduced to occupy 56% and nd 44% of the basin width, respectively, so that — 

more water could flow around and between the floor blocks. The boil height 

- was considerably reduced by these narrower floor blocks. The scour was 

ig lightly increased, but not sufficiently to cause concern since it did not. somal 


These tests indicate that the floor blocks should occupy between 10% and — 
— 55% of the stilling basin width. 4 The aggregate width of of 8 all floor blocks, there- 
a fore, should be held within these limits even if it is n necessary to reduce the 
width of the floor blocks todos, 
oe Transverse Position. —A floor block of full « or half width was sometimes 


placed next to the > stilling basin side w wall. In each case. this practice resulted 


height to prevent avertopging. avoid this, the criterion was established 
that no floor block should be placed closer to the stilling basin side wall 
‘The side-wall height (see Section 6( fy) was determined with this 
: ¥ criterion in mind and no deviation from it should t be permitted. roe 2 
oe @ ‘End Sill—The end sill, at the downstream ¢ end ¢ of the stilling basin 1 (see 
fe Fig. 1), deflects the bottom currents upward and away from the stream bed. 
In addition, a ground r roller i is generated under the deflected jet. This ground» : 
bed ‘material upstream and ‘deposits it at the end of the 
‘ po before much ronal had been ; given t to the problem, the end ll. 
height w was assumed to be This. assumption proved satisfactory. for the first 


puns of the culvert. outlet series in which case Q, di, and dz were constant. 
en the end of series C (culvert outlet tests) a few tests were made on ve 


Ade 


4 


‘ i. was low and the ond sill blocked off a large part of the stilling basin exit 
area—that i is, 1 when the ratio of end sill height c to dz was high. The height of 
; the end sill was therefore made proportional to dz rather than to dy. A little 
thought shows this to be more logical. _ The function of the end sill is to deflect — 
“the | bottom currents upward and i in doing 80, the entire stream leaving the 7 
‘stilling basin is deflected. oy To have the same degree of deflection for all depths 


_ of water at the end of the basin, the height of the end sill should vary | with pit 


equal to Therefore, this end sill height was used with entirely y satisfactory 


results the tests of the flume outlet series, which made at 


| 
— 
— 
— 
— F720. 
— 
F80. 
i 
— 
— = 
— 
— 
— 
— 
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the and results of the flume outlet tests made to determine 
best end sill height are summarized in Table The tests were made eby 


- holding all variables constant for each Froude number with the exception of 
TABLE OF Data FOR TESTS TO DETERMINE HEIGHT 

ane 


| 


= 100 (Cu Fr PER Sec; di = 0.6 Fr; de = 5.1 Fr; d’: = 4.3 Fr; 
Lp/ds = 1.20; F = 40; AND Rm X10 = 30.1 


id 


ceo 

0. 25 | 0.0490; 4 0. 

0.50 | 0.0980; +0.1 
0. 


0.76 | 0.150 +0.5 4 


101 | (+10 0 


06 
18 
20 
33 

. = 637 Cu Fr PER Src; di = 1.8 Fr; de = 18.8 Fr; d's = 16.2 Fr; ke: = 14.3 Fr 

Lp/d2 = 0.76; F = 60; anp Rm X 107 = wt 


Fa. 0.95 | 0 o0| 18 | 0.10 | Best height of end cll. 
F80.. “ | 0.27 | Highboil. 
F82....] 2. 0.37 | High boil. 


= 374 Cu Fr Suc; di = 1.2 Fr; = 13.6 Pr; d's = 11.4 Fr; Le 
= 0.75; F = 70; anD Rm X 107? = 123.0 
23 | 0.17 
0.24 sil 


Co Fr per Sec; di = 0.6 Fr; d: = 8.2 Fr; d's = 7.0 Fr; Fr 
Lp/ds = 0.75; F = 100; AND Rm = 47.70 


| 9.950 06 | 0. 
0.100 | +0.4] 1. Best height of end sill. 

0.149 | +10} 32 | 0.39 | Second hole. 


a Q = 448 Cu Fr dy = 1-2 Fr; ds = = Fr; = 13.9 Pr; Lp = 12.3 Pr; 

B/d2 = 0.75; 100; AND Rm X 107 138. 

0.22 F66 but boil greater for for test F65. F65.— 

0.31 Second hole. 


~—_@ Q = 549 Cu Fr per Sec; d: = 1.2 Fa; da = 20.2 Fr; d’2 = 17.2 Fr; Lg = 15.1 ii se 

= 0.75; F = 150; R 107 = 1654 


1.01 0 0.14 Height of end sill patisfactory. 
1.49 ol | .0 | 0.25 | Best height of sill, 


, = Elevation of maximum a depth of scour on the channel center on’ in feet, near the end of the stilling cilia, 


the height. of end s sill. Tests were made at that end sill height which, in the 


- judgment of the observer, would give the best results. Additional tests were iy 


> 


made using higher and lower end sills to check the assumed value of c. 
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The plotted a ‘surface the sand 
beds were studied to determine the best end sill height. The height judged 
on this basis is noted in Table 4. Ordinarily, alow end sill did not deflect 
the jet upward sufficiently to prevent stream-bed erosion . close to the ‘outlet . 
ne and to permit the formation of a ground roller under the jet. O On the other 


“hang, a high end sill caused the jet to shoo t into the air. x a higher side 


downstream from the stilling basin. In Table 4, terms ‘ ‘second q 


’ indicate the same cc condition; because of the test setup 


my 


mo 
= 
09 


of Seed The flume outlet series was coca by making tests to check the over-all 

; ae of the stilling basin. The results of these tests are summarized i a ; 
i Table 5 5. The end sill heights weed 3 in designing the stilling basins for these ee 
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nen 
ee _ Considerable study was given to the problem of reducing the end sill height a 


observations of the culvert and flume outlet series to a single | curve before a4 


successful ‘solution was obtained. ‘Plotting versus F did not reduce the 

data to such a form that a single curve could be used . Studies ¢ of this plot 
i Pe - indicated that the variation was a function of the discharge per unit width of : . 
stilling basin. Plotting the product of and the discharge per unit width 


versus F miniiatnd a@ very satisfactory curve which was used in designing end 
fs - sills for the tests listed 1 in Table 5. The equation of this curve was not dimen- ] 


Soa sionless, and it was therefore n necessary ‘to devise a method of making the equa- — 
tion generally applicable. Although two methods were used to accomplish this a 


result, only the simpler and most straightforward method will be described. 


ores ‘In the Reynolds number, defined in Eq. 1b, the term V; d: is the discharge | per as 
unit width. © The kinematic viscosity, v, can be considered constant for design Me: 


ae purposes. | For this condition the Reynolds | number is proportional to the dis- . — 
charge p per unit width. . Since R is dimensionless, it does not have the unde- 
sirable ‘dimensional properties: of the equation first developed | for the height 
a of end sill. consideration of the previously developed equation indicated d 


that F had little influence on the determination of the end sill height. < ty There- _ 
a the Froude number was tentatively « eliminated from further consideration * 


"Unfortunately, the experimental data did not cover the complete range of 


ae Co Reynolds numbers that may be expected i in n designing field structures—because a, ’ 
pe the ‘models were operated i in accordance with the Froude model law (gravita- 2 


tional forces controlling) whereas the prototype-model relationship for the end 


e sill height: developed fi from the culvert and flume outlet series of tests requires 
model be operated i in accordance with the Reynolds model law (viscous 


ntrolling). Since the two model laws | require ‘different and i incom- 


c/dz was plotted against R. The curve drawn through ome data was quite 4 
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— 
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A 
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Ne 
& 
F103 
F105 
F106€ 

— 
F89. 
= 
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— 
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(y= = = 12andb = 6. 0 


Test |FlowQ| di | dz | d’2 | Lp | c | Rm | |Scoure} 
No. sec) (ft) (ft) (ft) (ft) | (ft) | X 107) dz | | ds | 


14.1 | 1.06 | 2.50 ]0.237| 0.0 
39.9 | 1.06 | 2.47 | 0.141] +0.1 
72.9 | 1.04 | 2.43 | 0.102] +02 


36 «| 

101 1. 

-| 184 | 1. 


6 18 .0 | 0.38 
32 9 | 0.46 
8 | 49 .9 | 0.50 


142 | 12 | 48] 49| 90] 0.50| 56.1 | 1.02 | 1.88 |0.105| +0.1 | 0. 
18 | 72| 7.3 | 13.5 | 0.55 | 103.2 | 1.02 | 1:88 |0.077| +0.4 | 0 


Flog...) 260 


= 

F106...) 201 ‘ sai 6.5 | 10.1 | 0.58 | 79.5 | 0.93 | 1.44 | 0.082 00 0.5 


-25 | 0.125 
= 0.073 


30.8 1 1.2 
1 1.1 
1.26 | 0.073 1 08 
1 0.9 


85 
| 93.3 | 0.8 
97.3 | 0.8 


246 1. 

—F93.... |k 

-26 | 0.054] +0.5 
= 


347 | 9 | 0. -1 | 0.85 | 0.95 | 0.065] 0.0 
0. 7.7 | 0.85 | 0.95 | 0.048] —0.1 


=. 


123 31 53] 6010.70] 43.8 | 0.85 | 0.95 


150 | 06 | 82| 70| 64|090| 56.7 | 085| 078 0.0 
1.2 | 164 | 13.9 | 12.8 | 1.06 | 160-7 | 0.85 | 0.78 | 0.065] +1.0 


649 «| «1.2 | 20.2 | 17.2 | 13.5 1.36 196.4 | 0.85 | 0.67 | 0.067] +1.1 28 | 0. O14 


*Elevation of maximum depth of scour on the center line of the channel, in feet, near ‘the « end of the stilling 


ld tot the suspicion that the form of Eq. 4 might be incorrect, although nothing Bes. F 


occurred d during the culvert and flume outlet s series to indicate that t Eq. 4 could ‘ 
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1.622, 


0.062 | 


0.290 


1,622 | 


1.622 
| 


1.754 
1.754 | 0. 
1754 | 
1.986 | 


8.359 
3.359 


| 3.359 | 2. 
8.359 


2.875 
2875 


2.875 


* Elevation of maximum depth of scour, in feet. 


used bad erosion in back of wing wall; see du 


0.099 
(0.169 
0.235 

0.336 

0.146 
. 0.204 

0.292 

0.062 
0.250 
0.500 
0.360 
0.360 
0.340 
0.396 


0.353 
0.318 


Data, 


¢ 


A . : “gos | 43. 335 0.086 
net 0.408 | [13.6 0.0 | 0: 0.413 | 0.058 | m4 | 98.6 829 [0.066 
8......] 0408 | 0.03 0.427 0.002 | 0.076 | 274 0,066 
— 0.309 10.2 0.04 | 161 | 99.2 0:860 
— | 0.408 | 0.05 1.142 | 0.945 672 0.069 | .... uo 
— 094 0. 061 | 0.100. 0.125 
1.010 0.10 | 0.716 1433 | 0.961 | 0.100. | 204 0870 0068 
> o10 | | 23] | 72.6 197 ose 1 
— 0.10 | 1. 1.167 | 12 
ois | | Lise 1223] 0.070 35.0 | 206° 0.876 O58 
0.144 | 1380 1.051 0.191 372 | 200 
T32......) § 0. 1.212 | | 75 36. 1.032 85 
ES 0.12 | 2.82. 2. 53 169 0.859 0.062 
4 0.16 | 2.4 0 | 2.070 148 | 78. 0.070 
oie | 1.820 148 | 68.7 | 8 | 0.853 
5 | 0.223 | 2308 = 2.271 | 0.131 261 730 0.680 
— 1.871 2.187 | 0.112 261 «| «70 | 0.747 075 
0.18 | 4.023 2.656 | 2.187 | 0.192 | 0.853 
4.023 | | 2.187 0.305 261 | 690 0.027 
0.18 | 23 | 3.005 | 187 | 0.305 261 0.710 
9 | 0. | 3.800 | 2.70 2329 | 0. | 0.027 
| 020 | 800 | 2.746 21329 | 0. 190 «| «(0.850 
0 | 0.20 2.856 | 2.056 0.795 
2 | 03 | 2232 | 225 | 3.882 122 | 740 0,865 0.073 
— 32 | 2.295 882 267 | | 801 0.074 
7.00 0.50) 2.232 4.345 | 2. 805 0. 0.073 
4: 5 |. 0.222 | 4. 4.15 | 2.934 | 100.6 | 1, 0.862 
| 4.826 | 4. + 280 | 6] 1,210 | 6 0.073 
T63..... 39.8 648 | 4, 15 | ‘| 1,450 0071 
T6l...... 406s | 5.580 | 165 | 1500 | 
20.0 «| 0. 4500 | 4, 35 795 | 0.2520 67 | 


“Conditions not as recommended? 
ir added to water, (1.24 cu ft om sec 


“Air added to water, 0. 70 « a ft | per 8 sec - 


Air added to water, 0. 35 cu ft per sec — 


Conditions not as recommended? 
Conditions not as recommended? 


Conditions not as recommended? 


oF 
SORES 


Conditions not ‘as 
_ Air added to water, 0.40 cu ft per ‘sec? 
Conditions not as recommended® 
not as recommended | 
Conditions not as recommended? zr 


Wing wallistoolong® | 
Conditions not as recommended> 
Conditions not as recommended® 
Slope, top of wing wal wall, 1 

Stepped + wing wall 
Slope, top of wing wall, 1 on 1 T52 


Conditions not as recommended T48 
_ Air added to water, 0.46 cu ft per sec _ 


0070 | —0.05 | —0. 0. 4 
0.0278 Conditions not as recommended? 
0.0477 
0.0477 
00758 | 0.18 | 0.23 
0.45 


on 
no 
Ter 


| 


Conditions not as recommended? ? 
Conditions not as recommended? 
Conditions not as recommended? 


 —0.58 Conditions not as 

 =—0.20 0. 01 Conditions not as recommended? 

| 


Conditions not: as 


Conditions not as recommended> 
| Conditions not as recommended? T3 

Conditions not as recommended> 


| Conditions not as 


=> 


Conditions not as recommended> 


Conditions not as recommended? 
Conditions not as recommended? 4 
Conditions not as recommended? 


Slope, top of wing wall, 1 on 
Slope, top of wing wall, : 
. Slope, top of wing wall, 
- Slope, top of wing wall, 
Slope, top of wing wall, 
Slope, top of wing wall, 
- Slope, top of wing wall, 
| Slope, top of wing wall, 1 on Bisons 
Slope, top of wing wall, lon1 
Slope, top of wing wall, 1 on Ps 


= 0. 11 


13). Basin dimensions or controllable flow ad recommended i in this paper 


ay | az | asx | | tas) | 
=0.03 | —0.17 | —0.01 | —0.02 | = 
0.874 0118 | —0.05 | -0.08 | O11 | 022] 
at 0.28 | 0.63 
| | —o47 | 036 | | o72 — 
| - —0.36 | 0.14 | 0.13] 0.74_ 
0.838 0.000 | =0-24 | 0.18 | 0.20) 
0.823 0.057 = 
0.870 M0125 | 0.62 | O41] .... 
| 0 0.08 |... 2 
1.032 0204 | 014] 024 | 0.24 0.24 .... | ay 
1.018 0185 0.06 | 0.00 | 0.18 — 
1.011 0.008 | -0.13 | 0.00 | 0.12 — 
0.850 0.070 | 0.26 | 0.29 | 
0.852 0070 | 0.00 | —0.31 | 0.33 0.14 | 0.64 
0.859 0070 | 0.00 | 0.23 | — 
— 
0.660 — 
0.747 T1I6 a age? 
0.853 
0.710 0.0278 | —0.50 To 
0.715 0.050 | —0.23 
0.722 0.070 | —0.10 
0.880 00295 | | -0.28 | -0.31 | -0.09 | 0.66 — 
1.008 0.0278 | -0.08 | 0.15 045 | 0.20] 0.89 Ti 
0.997 | | 0.14 | 0.80 | 0.376 
1.000 0.224 027 | 0.85 | | 022) .... 
0.865 0.072, | -0.33 | —0.02 0.61 | 0.12 | 0.55 | te vita 
0.860 0.03 | 0.57 (0.57 — 
0.862 067 | 0.13] 0.68 
|fo34 | 008] 0.52 
0.970 vurl | 1.39 0.10 0.02 | 0.71 Ts7 
1.0388 0062 | 1.90 |} 0.84 | O21] ... 
ool | -o0o2 | 221 | o10| -... 
‘Washout 


for which ity was ‘derived to those ‘Reynold numbers that are to 
4 


tests made as ‘part of the turbine room ‘series are summarized in ‘Table 6. 
_— have been listed in order of increasing Reynolds numbers and grouped 
according to constant Froude ‘numbers. The individual tests in each group 
have different amounts of air entrainment or different heights of end sill or 
Typical scour patterns { for several different heights of end sill a: are sinuaiiek 4 
inl ‘Fig. 9 . ~The height of end sill computed from Eq. 4 was used to obtain the © 
results shown i in Figs. 9(a), 9( f), a nd 9(7). The results of tests made with the 
i end si sill ag recommended as a result of the turbine room series of tests are 


group ve: a Reynolds: number more than three and anal times that of the 3 
first mentioned group week versus 200 ,000). results shown in ‘ 


expected i in a ‘prototype structure re (261) whereas the Reynolds number has a a 


‘The 6- ft width of test channel was too narrow for many | of the tests, with ‘ 
= result that certain features o} of the eroded sand bed are not indicative of 
what is to be expected i in the prototype. These nontypical e erosion patter ns 
a are shown in Figs. 9(e) to 9(z) near the downstream end and on the outside edge — a 

_ where a depression has been eroded along the side of the test channel. Typical 
erosion n patterns are presented i in Figs. 9(a) to 9(d). The death for 
* ha latter tests was such that a stream bank could = maintained between the re 


stream: and | the outside edge of ‘the test channel. 3 In the former tests the t tail- 7. 


os water was so high that the stream bank could not be maintained and the dis- - 


_——— caused by the water striking the vertical side of the channel resulted — * 

in the erosion of a depression along the channel wall. 4 
Those 1 tests of the turbine room series that have Reynolds numbers within x 

UN te range covered by the tests of the culvert and flume outlet series check the 
revious conclusions. However, a study of the data obtained for Reynolds 

hu umbers beyond the range covered by the > previous s tests shows that the scour 

r the stilling basin is much less if an end sill height equal to 7% of the 4 

- theoretical tailwater depth is used. _ Further study of the data shows that the a 


height of the end sill relative to ‘the tailwater depth (c/dz) is independent of 


oe the Froude and the Reynolds: numbers. — The data obtained during the J 


flume and culvert outlet: series were then re-analyzed and it was found that 


entirely satisfactory scour patterns were obtained for an end sill height equal 


; ae to 7% of the theoretical tailwater | depth. Admittedly, the end sill height | as 
By given by Eq. 4 resulted in slightly better scour patterns to R = 118, 000, where 


= 0. 07, but the difference i is 80 so small as as not to the use 0 of a separate 
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the lower Reynolds numbers. Asa of all tests made 
determine the height of end sill, the is 
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# End sill heights as given by both Eas. 4 and 5 were used for a few. tests en 
until it became certain that Eq. 4 would be eliminated from the final list. of es 
‘recommended | design equations and | Eq. 5 would be substituted for it. i ‘Subse 


quent tests were ‘made simply to verify Eq. 5. 
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the 
© -Tailwater Dept nell certain. of tailwater above the stilling basin 


“floor 3 is required to prevent the hydraulic jump from being washed out of the 
stilling basin. This depth cé can ordinarily be computed from Eqs. 2. However, 
the use of the floor blocks and of the end sill makes it possible to reduce the 


tailwater depth d’s below the theoretical | tailwater given 
— Mr. Warnock (4b) suggests a 15% reduction, or 


0.85. 


This: was | in the tests of the and 


co, | expected that the design ‘nitmanen er elevation will be such that the surface 
on the hydraulic. jump will never be washed out the stilling basin. 
Exit’ However, it is possible that the actual conditions will be somewhat different 


from ‘those assumed at the time the structure was designed. Therefore, the 
Bi _ stilling basin was tested at tailwater depths both greater and less than normal > 


to determine what would happen under these conditions. The results of these 
a 7 tests are presented i in Table 7. _ Water-surface and bed profiles are shown in 


TABLE —Errect OF ABNQRMAL TaILwaTER 
13; bi = 9.0 Ft; di = 1.0 Ft; ds (Average) = 7.20 Ft; Le = 10.92 Ft; ¢ = 1.00 ms 
(Average) = 29.5; Lp/ds = 1.52; = 0.14; Basin 


4 


- 


in. Surface 


Fig. 10 for normal and lowered tailwater levels. The surface roller was washed 


bo out of the basin when the tailwater level was sesucel to 5.00 ft (normal tailwater 
ds i - level was 6.00 ft). There was no increase in the depth of scour a at the end of 
ae, the stilling basin, however, although the volume of erosion downstream from 
a _ the basin was greatly increased. Even if no cutoff wall is used, the stability 
“é of the structure is not endangered for this tailwater level, although the stilling 
basin a action is impaired. If the tailwater depth falls below this level, however, 


it is absolutely necessary that a cutoff wall be used. 


Tons 


The brief will define the “air-jet” boundaries, 
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- lence in and beyond the 
air. 


Therefore, the presence of air in the water may be taken as an ‘ 
indication that the flow is very turbulent and, conversely, ' the absence of ae f 
may | be assumed to indicate that the turbulence is insufficient to maintain the te aor ua 
air in the “suspended” state. The lower boundary of the “air jet” shown i in 


| “Fig. 103 is the e lower li limit of air entrainment and therefore indicates the lower 


of extreme turbulence as s defined. The upper boundary of the ‘ ‘air 


is taken as the lower boundary of the roller normally associated | with the 


‘Much entrained air is also found in this roller. 


stilling basin prevents the ready separation of this 


2 Water Surface ir Jet Boundaries 
ar 


SS Surface] 
: 


= 5.00 FT (TEST C-86); AND 1.80 FT (TEST C-89) 
(Distance, vout— 


Distance, in Feet 


= 


Unfortunately, , in making a check of the ‘stilling uring 


the 
ume outlet. series, it was found that the roller ordinarily present on the hy- 
draulic jump was washed out of the stilling basin at values of the Froude 


number of less than about F = 30. _ Several methods were available to over-_ * i 
come this difficulty: The tailwater r depth ¢ could be increased, the end sill height 7 a 
could be increased, or the stilling basin could be lengthened. Increasing the See 
end sill height increased the height of the boil caused by the end sill and i in- i 
creased the depth of scour near the end of the stilling basin. © ~The increase *+ 


required in the length of the stilling basin to insure its proper - functioning : was “ae 


80 ‘great as to be uneconomical. _ The: method finally adopted was to roe: 


= 3 and F = 30 was therefore changed to 


= 1.10 — 

ever, toi insure the proper ! tanetioning oft the. stilling basin at at the 
fi bers. This curve and the data on which it is based are shown in Fig. 11. pao 
aries, 4 For many runs of the turbine room series the tailwater depth was slowly 
lowered until the roller was washed out of the stilling basin. The object of this 5 
procedure was to determine the relative tailwater depth at which the basin — an 
would cease to function as was assumed in the ee and to determine the ga 
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safety factor. for this part of the stilling: basin n. The results of ‘tone tests are. 


W 
presented in Table 6 and Fig. il. that can be reduced below dey 
Sin 


85 de when the Froude number i is high—that i ~ when F > 120. 


aq 

120 140 180 200 220 240 260 280 300 

‘The difference ny the curve and the plotted points of Fig. 11 is the re r 

safety | factor which insures that the stilling basin will perform as anticipated — ve h 

by the designer. ‘The safety factor i is 8 small, but it is felt to be sufficient since ee x 

a tailwater level somewhat lower than the jeden value will not endanger the “4 

basin, although the roller will be washed out of it. For this condition the floor Ls 

blocks and end sill deflect the stream into the air and break it up as is shown = ‘e ’ 

by Fig. 10(6) where the tailwater depth is reduced to 5 ft (the design depth il 4 , 

being 6 ft). This statement inserted not as a justification for using a tail- 
water depth below that recommended but to show that an unanticipated 

lowering of the design tailwater depth or a discharge greater than that 

hich the outlet is designed will not endanger the outlet structure. saris’ 2 J = 

- During the culvert outlet series a few tests were made in which the cal | ae" 


level was; ‘held ata constant elevation while the discharge was increased until 
the roller was washed out of the stilling basin. These tests were made to de- — 
y termine what would happen if the tailwater level were lower than was assumed = 
by the | designer or the actual discharge were greater | than that assumed for 
design purposes. Conversely, the discharge was increased for several different 
tailwater elevations to wash the roller out of the stilling basin and then was — 
decreased until the roller reappeared. The results of i tests indicate the Hs 


of maximum “a at which the basin will continue to function properly for 
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Similarly, for the 1e design discharge, the basin would function properly ‘until e., 
B tailwater depth was reduced to 90% of the design value or 76% of the theo- i. 4 
7. 20 ft or 120% of the design 7 
(402% of the theoretical) v value, 
roller could not be washed 
out the: ‘stilling basin even 
though the discharge was ine 
creased to 598 cu ft per sec or 
of the design discharge. 
(f) Side-Wall Height—The 
i in the stilling basin is very 
turbulent 2 and the water surface 
ik is s rough so sO that. some freeboard 1 
above tailwater level is neces- Flow, Q,in CuFt perSec 
sary if overtopping of ‘the side Point at Which Roller is Washed Out of 


walls is to be prevented. Ib 


ter Dept 


f Design Tailwa 


fe 


Perc ntage o 


Stilling Basin for Increasing Flow 


wor Point at Which Roller Appears in Stillin 
"addition to the surface “rough Basin for Decreasing Flow 


ness, the standing wave or boil, 2 Conditions Observed During Test 


4 Fre. 12. or VARIATIONS IN DISCHARGE AND ; 
above the tailwater level. For TarwaTer on Bastn PERFORMANCE 


Froude numbers less than about | 
_F = 20 the . crest of the standing “wave is in the ‘stilling basin whereas for Be 


Abr 


_ higher Froude numbers the crest occurs downstream from the end of the basin 

— and its full height ne need not be considered in designing the side-wall height. is p 4 

a Average profiles of the water surface in the stilling basin were obtained for ; 


all series, but the maximum height of splash w: was obtained only for the turbine - " af 
room: ‘series. ‘From the latter tests the height of the side wall is determined. _—j 


The maximum height of the splash 2m in the stilling basin was divided by da. 
Both tm and ‘are shown in Table 6. Although there is considerable 


Seatter to the data, 2m/d2is apparently independent of F. The maximum value 
m/ ds | for those tests of the turbine room series in which the recommended 


design conditions exist is 0.31; and the minimum, - 0. 02. The ee 
. alue of 2m/ds occurs at the exit end of the stilling basin. _ A study of the data ae 
“shows that, if the height of the stilling basin side walls z above the manieotm A, bay, 4 
tailwater level is iven b the e uation— 


will be to keep splash i in the stilling basin. 
- cause use of the scatter in the data, the freeboard provided by this equation a8 


2 be grea greater, in some cases, than i is necessary to | the adequately, 
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but the safety is not excessive for the average case. 
were obtained from motion pictures made during the culvert and flume 

g series of tests (series C and F) These the results of 

By ‘draiee Frequently the elevations of the tailwater : and stream bed : at the time ‘the 


Pheer Re ‘stilling basin is constructed are much higher than those that are ultimately 
Rte Cond expected and for which the stilling basin is designed. — . In this case the height 
i’ meh: % of the side wall must be based c on the maximum expected tailwater level. . If. 
“ae a the : side walls are constructed so low that water will pour over them into the 
siting basin, the basin must handle, i in effect, a quantity of water greater than 
that for which it was | designed. _ The result is the. large i increase in the size of 
me the scour hole shown in Fig. , 13. . This condition occurs because the ‘air jet,” 


Sidewall (Test C-90) Low Sidewall (Test C-82) 
a 
77) 


tion 


Eleva 


Fig. 13. « or Water Pourtne Over Low Sipe Wats STILLING Basin 


side walls should always be high enough to above. the maximum tail- 
(g) Wing Walls.—The SAF stilling basin was developed mainly for in 
connection with earth dams. this type of dam, wing walls are used at the 


Shape of Wing Walls—The wing walle in the past have been rec-- 
elevation. the culvert outlet series (C) tests 


te te 


20 


ane Glass Plate 


‘NO WING WALL crest WING WALL 4.5 FT. LONG (TEST C-47) 

mn one ie were made to determine the best length of this wing wall. F During runs made 

ae ” with stilling basins having no wing walls it was observed that there was con- — 


pee scour at the toe of the dam and that the gage scour r occurred close % 
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— 
cause of the scour is an eddy along the side of the channel which i is set in motion — Ae 
and is driven by the water that flows along the center of the downstream channel — 
_ after it leaves the stilling basin. _ The upstream end of this eddy causes the 
scour at the toe of the dam _ The wing wall has a twofold function: It calms — 
§ 6the water in back of it and ‘prevents the eddy from a extending as far upstream — 
a8 it would if the wing wall were absent; and it lessens the concentration of flow ie 
at the end of the stilling basin. The use of a wing wall results in a decreased _ 
‘depth of scour at the end of the stilling basin (Fig. 14(6)), although i it has little - 7 
¥ no effect on the scour at the channel center line. 


_ The results of the tests made to determine the best length | of rectangular 4 


wing wall are poemeten | in Table 8. Too short wing walls are ‘ineffective in ; 


(Ly = = 12;b; =9 Ft;Q = = 275 Cu Ft per | Sec; di = 1 Ft; d: = 7.13 Ft; d’s = 6 Ft (Which 


3 
Equals El. + 1.0); Le = 8.75 = 1 Ft; F = 29; d’s/d2 = 0.84; = 1.23; 
= 0. 14; and d Stilling Basin Floor Elevation =- 5. 0 Ft) 


with end of the stilling basin and 2.5 ft id 
In line with the stilling basin side sail ond dan to the eend 


* Length of the wing wall expressed as a percentage of the side-wall height. b Depth of scour on the dintaah ya's 


center line, in feet, near the end of the stilling basin. 


—— scour and there is nothing to be gained by making the v wing walls — 


scour at its end was sufficient to cause some concern. It. was felt that the 

ecco ge of flow lines at the end of the wing wall caused this scour. ‘- ee a 
submerged extension of the wing wall to keep the concentrated streamlines 

ahene the stream bed was tried. The height of this extension above the stilling 34 

basin floor was 0.5 and the length was 0 0.6 times the side-wall height. ‘The 
_ results + were excellent i in 1 that the depth of scour at the end of the 1 wing wall and 2 hs a 


ee (what is just as important) the erosion in back of the wing wall were consider- ee 


d decreased. The results of this test are shown i in Fig. 15(0). _ The: results 


of a comparable, test made with the originally proposed wing-wall length are 
presented in | Fig. 15(a) for purposes of comparison. Subsequent to this test 
an additional test, was made i in which the top of the wing wall was sloped > The Le 


4 slope u used was 1 on 1 beginning a at the top of the : stilling basin side wall. ‘, The Py arate 
Tesults of this test (see Fig. 15(c)) were such that this -wing-wall shape was used 


for all subsequent tests: and has been shown in Fig. 1 as ‘the recommended ee f 


» * 


| 
on 
3 of 
¥ 
ely 
ght 
If 
of 
t,” 
— 
he | — 
il- - 
in 
— 
Of wing wall be 4 “iis 
0% of the stilling basin side-wall height. Lengths longer than 
ts 
40 
al = 


Location of Wing Walls—In the past, the wing used on most outlets 


built by the SCS have been placed d perpendicular to the center line of the outlet 
structure. As a result, this arrangement was used throughout the test , pro- 
gram. after: the had — ques- 


> 


x 


Fre. 15. —Errzcr or on ‘Scour PATTERN 

ae eer were raised as to whether t the wing wall should be be perpendicular, parallel, 
or at. some intermediate angle to the basin line. were made t to 
stilling basin used in this group of tests had | in 
Table 6 for test T63. The ‘stilling basin model had deteriorated ‘somewhat i in 
fifteen months test was m made, and: the turbine room test setup 
had been dismantled. a result, no was made to measure 


d for each of the tests : 


"Therefore, the test results are only comparable among Plan views 


ae» each of the stilling basins and wing-wall arrangements tested are e shown i in 


Fig. 16. ‘The top of the wing wall was at 1 on 1 in all cases. 
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- The results of 7 tests made on three different positions of the v wing w wall fare 
- given in Fig. 16. sf ‘The boil height for test T66 was satisfactory (2m/de = 0. 10) 
~ and the scour pattern (Fig. 16(a)) was similar to that for other tests made with _ 

3 the wing wall placed perpendicular to the basin. center li line. The maximum © 


height for test T64 was 0.6 ft greater at the end of. the ‘stilling basin 
be ite = 0. 23) than for test T66, _ was still below the top of the am oll 


PERPENDICULAR TO" BASIN 


PARALLEL TO BASIN CENTER ‘LINE crest 
q group of tests (en/ds = 0.34). _ This | boil height occurred at the very € end of the 
stilling basin. The high boil did, however, ¢ cause a deeper secondary scour hole _ 
A og for the other two tests | of this group. . The scour pattern (Fig. 16(c)) for bs 
- this test was also satisfactory. In no tests of this group did the scour descend 4 
to the elevation of the stilling basin floor, although the rise in the bed elevation _ 
3 ~ along the channel center line downstream from - basin was less as the wing 
€ wall: was brought nearer the outlet center line. For tests T64 and T65 there 
. was an opening between the stilling basin wall and the wing wall that was not ae 
“Noticed until the t tests had been completed. _ Water passed through this open- 


c ing and caused an erroneous scour "pattern at this point | on ae outside of the — rit 
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basin wall. Contours b believed to be erroneous omitted om Figs. 

These tests indicate that the wing wall may be extended ie to the 

De “basin center line if field conditions make it necessary to do so although the boil 

height i is considerably increased. ‘The wing wall perpendicular to the stilling 

basin center line produces satisfactory flow and scour conditions, but 

ae the best over-all conditions were obtained when the wing wall was set at an 

| angle of 45° to the outlet center line. 

Shape of Stilling Basin.—The s size of the st stilling | basin: varies with the 

i. initial flow depth. A reduction i in d, will decrease dz, the length of the basin, ‘ 

a height of the side walls, and the depth of excavation necessary to secure 

the required tailwater ¢ depth. . In addition, a larger percentage of the e energy. 

tat ' in the water as it enters the ‘stilling basin will be dissipated. t A saving in the 

a 2 _ over- -all cost of the outlet. will ordinarily be possible if a transition is | placed 

between the culvert, or flume and the'stilling basin to > accomplish tl this reduction 

in di. In cases where a transition i is used, a diverging transition | side wall. can 
be extended to form the stilling basin walls, as is shown on a half plan of Fig. ee 


fe. ide The limiting basin side-wall divergence i is saecaied but is probably as large as 


Bens A few tests. were made on a trapezoidal- aie ‘stilling basin as part of the 
eae culvert outlet series. The stilling basin was designed for flow conditions at its 
entrance and the width and spacing of the floor blocks were multiplied by the 
ratio ba/bs to compensate for the increase in width of the stilling basin at their 
ta ae location. . (The widths bh and be are defined in Fig. 1.) All blocks had hee 
‘e axes parallel t to the center line of the basin. — Flow v conditions i in the downstream 
ghannel were somewhat improved ‘through the u: use of the stilling 


eddies that are formed along the sides of the channel near the stilling basin. 4 
(i) Cutof Wall. all—A cutoff wall is used at the end of the stilling basin to 
"prevent scour from ‘undermining the basin. The depth of the cutoff wall, there- 
fore, must be greater than the nna . depth of scour at the end of the 
Serious erosion near the end of the stilling is prevented by the e nd 
sil which deflects the jet, leaving the basin upward. A ground roller under the 
jet brings material upstream and further aids i in preventing erosion. During. 


] _ tests of the recommended design the scour sometimes reached an elevation 
as below the floor of the stilling basin but never reached a depth at the 


= i ‘str eam spreads out. to fill the downstream channel and. reduces ‘the size e of the 


(j) Effect Air Entrainment. —Air is | ordinarily entrained | by tl the water 
flowing i in channels laid « on a steep slope—resulting i ina greatly increased depth 


of flow of the mixture. However, ‘no air was naturally e ntrained during the 
model tests because of the low velocities or short of t test channel. 
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air 
are summarized in Table. 6. 


“the de depth ¢ control | gate (see F Fig. 3) be computed from the equation: | 


Eq. 8 is an average of ‘the equations derived by Warren DeLapp, Jun. ASCE Hg 
(11a), from an analysis of the data published by L. ‘Standish Hall, M. ASCE 


(11). However, a1 an error r was made i in the solution of the equation 2 and the ‘ 


actual quantities of air used are somewhat different from those intended. 

Nevertheless, the qualitative: results give an indication of what — be m8 


4 
ea In designing the test basins, it was emened | that the velocity of the water 
would be unchanged by entrained air. The initial depth of flow was increased, bi 4 
therefore, to compensate for the larger total quantity of mixture flowing in 2g 
order to keep the velocity sonata. The result is a lowering of the Froude 


N 
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(F=264; R= 99.000; 0.00 (TEST T46) 


stilling basin was designed for the higher Froude number obtained when there 
was no the same basin was used d for the test with air 
: entrainment. — In either case the tailwater depth i is the same whether or not 


air pateadaiaiiiih occurs since the dow nstream velocities are low e1 enough that the 
‘Separates from the water after leaving the stilling basin. No increase in 


side-wall height is necessary when the water transports entrained air. ~The 
results of a typical test are given in Fig. 17(b) where the percentage of air used i 
was 117—that is, the air flow was greater than the water flow. The oe, 


presented i in Fig 17(a) were ‘obtained on when no air 
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velop and verify SAF stilling basin design. 

1. The length of the stilling basin for Froude numbers between F equals : 
F eq uals 300 is determined by Eq. 3 a5). 
>. height of f the chute blocks floor blocks is ma width 


— 


The floor blocks should be downstream om the openings 


4 


‘The floor blocks should between 40% of the stilling 
a - % The widths and spacings of the floor blocks for diverging stilling basins — 


o should be increased i in — to the i increase in stilling basin width at the 


4, No o floor block should to the wall than 3 dy. 


The depth 1 of | the stilling basin floor is given by Eq. 6b 


for F equals from 3 to 30; by at 6a | 7 
a CEs for F equals. tein 30 to 120; and, by Eq. “ 
10. The height of th ‘the si side wall above t ic maximum ta ilwater ‘depth “a 
pected during the life of the structure is given by Eq. 7 oe z= a). 
na 11. Wing walls should be equal i in height to. the stilling basin side walls. 


top of the wing wall should have a slope of 1 on 


be at an angle of 45° to the outlet center 


af 


or ‘aa may diverge ¢ as an extension of the transition side walls Tecpel 
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SAINT "ANTHONY FALLS" 
: ra The safety factor incorporated i in the design of the SAF stilling basin i is low 
“but it is felt to be adequate. As more exact methods of analysis are applied - 
_ to the design of as structure, it is : possible to reduce the safety factor, with — 


“The SAF stilling basin is ‘based on a large number of tests and knowledge of _ 
_ performance is such that the safety factor can be safely reduced to a minimum. _ 
_In addition, the tests show that, although a discharge somewhat higher than 
the design discharge wash the roller out of the basin, this wos 
er somew 

“level would have the same effect and 1 result. 
> Throughout the tests it was observed that the of the 

- stilling basin was excellent at discharges less than the design value. _ For the _ 
- design conditions , the SAF stilling basin provides an economical method of 

- dissipating energy and preventing dangerous a and uncontrolled stream bed - 


. erosion. The hydraulic design of the SAF stilling basin is simple; only the 44 


"depth a velocity o of the flow approaching the basin are needed before entering 


design chart (12) or solving the design equations. 


po The work covered in this paper was performed at the St. ities Falls 
"Hydraulic Laboratory of the University of Minnesota where the Office of 
- Research of the SCS and the Minnesota Agricultural Experiment Station are 


- cooperating in the solution of problems pertinent to the activities of the SCS. 
_ The work was done under the administrative direction of M. L. ichols, chief, 

- Office of Research, and under the technical direction of C. E. Ramser, M. ASCE, — 
research specialist i in 1 hydrology. The tests were largely performed by Charles 
A ‘Donnelly, s senior engineering aide, under the direction of the writer. Albert 
ON. Huff was project supervisor at ‘Minneapolis during these investigations. — 

- From him and from Donald A. Parsons much constructive criticism was forth- * 7 
: coming. The writer also wishes to acknowledge the most helpful, constructive co 
criticism offered by the anonymous (to the writer), expert reviewers to * 
the paper was submitted by the Society’ 8 Committee on Publications. 
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APPENDIX Il —NOTATIO 


“we « 


symbols, adopted use in this paper and for the 
"guidance of discussers, conform essentially to American Standard Letter Sym- é 
_bols for Hydraulics (ASA—Z10.2—1942), prepared by a Committee of the 
‘fae Standards Association, with Society representation and approved by 
the Association it in 1942. In symbols of linear concepts are defined 
= stilling basin v width: ee, 
be = at the floor block ag? 
height of end | sill; 
d= = at the stilling basin entrance (Lower conjugate depth for 
de = upper conjugate depth for the hydraulic jump (see Eq. 26) 7 
@ 2 = tailwater depth, measured above the stilling basin floor; 
= tailwater ‘depth ‘at which the 


ber ( 


g= = acceleration « due t tot the effect of gravity; 
= = tength of the stilling basin; 


assumed linear scale ratio prototype and model; 


¥ = rate of flow of water; Q. = rate of flow of air; - ees a 

= the Reynolds number (Eq. 1b);R = the Reynolds number for the 

= velocity of flow at stilling basin entrance; 
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Pr 
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¥ ae 
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@ = average maximum boil height above tailwater level; 
AXimum boil height in still 
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f the Panama Canal to facilitate ‘its 5 operation 


‘increase its capacity i is ‘imperative. ‘The Present design is is. a level 


nal 


side is discussed in this pa er. 


ie The need for the the change i is explained, , based « on n marine wien and safety fe 


“considerations. ‘The solution proposed is. the physical removal of Pedro 
Miguel Locks, the construction of all Pacific locks continuous lifts near 

Miraflores, the elevation of the. Miraflores. dams, and the of a high 
“level anchorage ‘north of Miraflores. Navigational than. engineering 


This paper was originally presented before the Panama 


"Section of the Society 0 on ‘May 20, 1943, The o} and recommendations ; 


he may a little of the of this g great 
waterway he is always deeply impressed by the magnitude of the Canal and the 


tortuous and rocky artificial 3 known as Gaillard (formerly Culebra) | Cut. 
At the south end of this cut the vessel enters the single-lift Pedro Miguel Locks 


and is locked down to the intermediate-level Miraflores Lake. then 


NAVA 
— 
— 
| 
provide a high level terminal lake analogous 
_ 
‘a 
for 
locked up to the summit 
i The ship is locked up to 
and enters the three-lift Gatun Locks. T p 
dacussion should be submi Capt. of Port, Balboa, Canal Zone, March, 


- set of a at Miraflores and i is locked hoi in two steps to the Pacific 


aitmaties rely they note that only one lock structure was placed on the Atlantic 


side, and they wonder why two sets of locks are needed on the Pacific side in 
what they feel is an improper marine arrangement. _ They would aaah one— 


“Trans: 


Gatun 


Paraisogty 


E>) 


Miu 


on the Pacific as to avoid (1) their in 


rocky gorge and (2) undertaking double handling. 


Ba generally do not know the long history of the Canal nor the great 
_ struggles involved in its building; so they are reminded that this idea of single 

- lock ‘structures vate the Pacific terminus is not new and that it was considered — 
mn but had to be discarded because it was claimed that suitable a 


surges Gaillard Cut, fogs, currents, and the suction of banks or 
walls. Only after long service | with the Canal and close observation do ship- 


; ae masters comprehend fully the nature of the operational difficulties and hazards oy 
¥ 


In addition to the inherent problems « of ar restricted 


‘Atlantic side there is capacious summit level in Gatan Take where 


A 


— 
— Suc 
— 
— Loc 
4 dev 
“but 
— 
— 
= “sea 
q 
— lt 
“an : aoe This explanation is accepted; and a transit is usually sufficient to impress sg aa 
ae oe masters with some of the marine problems affecting operation of the Canal. J wa 
— 
— 


oceed. 
: Such favorable facilities do not exist on the Pacific die, “The Pedro Miguel : 
a Locks are located ‘squarely a at the south end of Gaillard Cut, with no ‘summit > 
level anchorage available as in Gatun Lake. These locks serve as a timing 7 
is - device that restricts the use of the cut to the capacity of the locks, and thus | 


Ins spite of these inherent problems, the Canal operated successfully 


but it has” ‘operated under difficulties. Northbound vessels enter the cut at 
lockage intervals and no faster. Southbound ‘vena cannot arrive more rapidly 
than the locks can be readied to receive them. - Hence, the Canal has not —_ ) 
“able to develop its maximum obtainable ce capacity. 
at ‘This condition can be illustrated by examining a day’s traffic i in the Canal : 


under the restricted conditions. Vessels | ‘start transits on both sides’ of the pee 
‘Isthmus simultaneously, ¢ arriving at Gatun Locks and Miraflores Locks about an 7 
ae 00 a. m. - Northbound v vessels are locked u up to the s summit level continuously _ 
until all northbound traffic has passed Pedro Miguel Locks. Then each — 
"proceeds i in ‘succession at lockage ‘intervals through the cut into Gatun Lake 
and thus to Gatun where it enters the locks or anchors to await down lockage. Ls its 
Southbound v vessels : are locked up t to Gatun Lake where they anchor at Gatun a 
- anchorage or wait under way until they are scheduled to enter the cut. After e 
_ the northbound traffic clears Gaillard Cut at Gamboa, the southbound ve — 
"spaced at lockage intervals enter the cut. ty 
Thus, Gatun anchorage supplies a. for both northbound and 


"southbound Vessels and permits flexible of Gatun Locks. At Pedro 


‘ 


“they: would swing into the bank; a cannot slow too much because of the 


What. is the capacity of the Panama Canal? Obviously, if 
water supply is ample, it is the capacity of the locks. Because of the bottle- — Se 
neck at Pedro Miguel Locks, their capacity measures that of the Canal. as 

- Assuming that one side of the Pedro Miguel Locks is in operation during — hy. 
biennial overhauls and that the lockage interval for sin gle cu ulvert ewe ins oe 
533 min, the 24- hour capacity is twenty-seven lockages. This figure. has 
been accepted a as the minimum 1 capacity | of the Panama Cana Mak 
A more complete picture of canal capacity was presented in a study by 
Locks Division of the Panama Canal in (Table 1). Two methods 


g the Gatun Locks are noted. In the one designated “normal” a ore 


ific 4 
— 
4 
4 
3 
4 
season is subject to high winds in the daytime. Thus, vessels must be received 
they arrive and they cannot arrive faster than they can be received. This 
Situation creates immense ship handling and traffic control problems that cause 
delays and at times subject both the Canal and the transiting vessels to danger. 
For marine operations the location of the Pedro Miguel Locks at the end 
aa _ of Gaillard Cut constitutes the great traffic bottleneck of the Panama Canal. .. 
* 
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(OPERATING PROBLEMS 
; vessel enters a lock after the vessel ahead has cleared t the distant chamber; 


in the ‘ ‘follow-up” ” operation : a vessel enters a lock chamber before the preceding 

vessel has cleared the last chamber. — Thus the vessels are always separated 
_ by one lock. It should also be mentioned that the filling may be accomplished 
by the use of either single 0 or r double culverts as shown in Table 1, for each lock 


TABLE 1 1.—Capaciry Locks, Canat; 


Single culvert 


26 


26 


al d 


‘Thus, the lockage capacity | of the I Panama Canal is) lowest during the over- 


haul o of Miraflores Locl Locks, with the rate of one lockage an hour. . This capacity | 
is based on uninterrupted lockages and disregards the effect of certain other 
factors to be discussed later. ‘It represents the maximum he 


Fog is ¢ one of the “most, frequent and serious interruptions of t traffic i in the 


reaches of the Canal. The channel between Pedro Miguel and Bohio 


is subject to dense fog at frequent intervals, especially i in the wet season. 


summit level and at Gatun anchorage without day 
or night, and ‘similarly at Miraflores Lake. In fog, vessels cannot enter Gail- 
lard Cut because of the danger r of § striking the bank; but when Pedro’ Miguel 
: __ Locks are clear, northbound vessels may lock up to the north approach wall of © 


Oe the locks to await the clearing « of fog i in the cut. After the saaiice wall is filled i 
to capacity, all north traffic must stop. 


Few persons not directly concerned with the control of trafiij in the Panama S 

Canal realize the frequency with which fogs affect marine operations. In 
there were tw marine signal 

Stations in Gaillard Cut during traffic hours, but t only 118 fog days. Conditions 


worst during g the wet season—May to December. Fog forms after 9:00 2 


ye The canal capacity is thus reduced from the rated lock capacity at Pedro” 


Miguel to the lock conditions in the cut. 
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= Double culvert | Double culvert 
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ha 
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Gatun ‘and Miraflores Locks can on a 24-hour 
= | ee favorable weather conditions because both Gatun Anchorage a | 
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MARINE OPERATING PROBLEMS 


- periods of long fog duration the ca sepa less than the previously 
assumed minimum of twenty-seven shipsa day. 


For certain of the Panama Canal has strict 
quiring one way traffic i in Gaillard Cut, known as Clear Cut Rules. | Ships 
ig laden with explosives, oil tankers, unwieldy 1 vessels, ore ships, large. warships, — 
and largest merchant vessels are dispatched only when Gaillard Cut will be | 
; clear of vessels to pass. ‘For reasons of safety, traffic i in the opposite direction 


a result the capacity of the Canal is "still further | 
when the traffic does not arrive at times convenient for safe and prompt locking. z. 


The physical la ere of t the Pacific locks prevents any Touting of 


Wis 

4 wit the duties when was Captain o of the Port, 

i Balboa, Canal Zone, the records of all accidents in the history of the Canal det 

were examined ‘and indexed. ‘TABLE 2.—NUMBER oF OF 
The revelations were impressive. Panama Canal, ForMALLy 

The most serious were found to ‘Between JANUARY 13, 


lock accidents, groundings, 1922, AND Suny 13, 1942 
collisions, and accidents result- 

‘The study showed d t that they 

tended to occur at definite 


places, and these danger spots 


Of a total of one thousand Pedro Miguel..| | 56 | 28 10300 
and | thirty-six accidents formally 

~ 1922, er July 13, 1942, three hundred : and ninety -three were lock accidents 


may sink and close the Conteh: The are notable especially for the 


4 _ creasing record of ‘sinkings; out of a total of seven sinkings in the 24 years from 


to 1942, five occurred in the final 6 years. 

a a Collisions i in the relatively narrow waters of the Canal are likely to be = 
n Gaillard Cut where the banks are rocky. During this same 

2 period there 1 were fifty y collisions i in the canal channels, of which Gaillard Cut 

Contributed twenty six, causing one out of four sinkings. 

Steering gear failure i is always | on the 1 mind of a master when his ship i is sin 


close. waters 
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ail- 
uel lock wing walls or ramming q 
lof fj  Groundings in Gaillard Cut are feared more than any o ident. [7 
In 
ons 
dro 
ut. 
. has been one of the most prone causes Of groundings and 


= 


this same period, one hundred and ten were due to this cause. — ¢ - Steering gear 1 Pac 
St failure i in Gaillard Cut makes grounding or collision almost st inevitable (Table 3). 9 : oce! 


Obs iously, the cut is the most serious in the Canal. 


JANUARY 1 1919, to 19, 1942 


ete 


Cur 


LEvEL 


Barpacoas 
TO GAMBOA 


Ground-| Colli- | Ground-| Colli- | Ground-| Colli- | sions)| Ground-| Colli- | a. 
i sions ings sions| 


Sie _ The failure of steering gear is not by any means the only cause ‘of serious awd 

j : accidents. Another i is the phenomenon known as | bank suction, experienced by Sea L 


vessels in narrow channels or close to ‘walls. or bank suction 4 
oy ae often causes grounding as vessels depart from locks or as they pass salients in 
Gaillard Cut. Usually suction causes a movement of the ship’s s stern toward 
the closer bank, , center wall, or salient. if the pilot i is unable to break the 
_ resulting sheer , the vessel may get out of control, sti strike the wall or bank, or | 


on the opposite bank. ve 


of groundings | has not been exhausted. Iti is a Tange field for 
th: 


ia Lock accidents have demonstrated the need of modifying the wing walls of a i lo 
the locks 80 as to eliminate the sharp « corners at the lock entrances. . The ee 


| 
— 
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| 
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4 
— | 
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Grounding or collision not specified for one case. 
— 
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om 
he tul 
lotted. They tended to occur at bends after t 
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in, 1 ARINE OPERATING 


& record of lock ‘accidents: and groundings shows. that ‘the separation of the 
Pacific locks into two structures has caused more accidents than would have 


occurred had the canal plan provided : a summit level te terminal nal lake on on the a 


‘The perspective of a quarter of a century of marine operation showsthat the 
separation of the Pacific locks into two structures, the location of Pedro Miguel ' if 
Z Locks at the south end of Gaillard Cut, and the failure to create a commodious a4 

summit level terminal ‘al anchorage o on the Pacific, are the great 


errors in the planning of the Panama Canal. 
> 


m Canal for many years and have made several studies of the subject. _ However: yO Da 
“not until August 11, 1939, 1 was construction of the Third Locks Project author- te 
by in those months of hectic activity preceding World War 


a Litt Locks” 
t Cu it = 
Cristobal 


< 


Locks 


structures. The of the war and the resulting desire dis- 
_ perse lock structures because of the danger | of bombing caused the adoption of ben} 


ia Plan ir in which the new locks were placed a at a distance from the present ivi 


tures an 
in Fig. rs Except for the segregation of the 
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ar | — 
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4 
oro 
naval vessels, to attain a great 2 
ion from a lock t 
on 2 
— 
he 
(canal plan. It was] 
= 
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oul ld have indetitely any chance of solving th the 

of improving ont ‘the Canal, part of the project added 
certain features dangerous t to operation. The proposed new by-pass channel 
at Pedro Miguel would intersect the present. channel near Cucaracha at an ff 

7 angle of of 28° 5 ich North of the apnea new Pedro Miguel Locks t there e would 4 


the operation of the Canal; ¢ on the ‘contrary, it will complicate the existing 
co ae situation. The turns of the new channel and the intersection of the new cut — 


wi with Gaillard Cut would become new foci of accidents; create the most difficult — 


marine operating problems; and make transit of the Canal. -more hazardous. _ 


settee the su suspension n of this 1939 Third Locks Project i in 1942 occurred — 

at such a a stage as to afford to of its dangerous 


There } has been ‘80 much discussion of the so -called ‘ ‘sea ea level” canal as: as an 


7 assumption i in the planning of the evolution of the ultimate Panama Canal 
o that an examination of this proposal is essential before focusing attention = a Mi 


1 86©=—s:sthe fundamental marine problems that should be solved. . The idea is not new. the 
alluring prospect of the “Strait of Panama” is an ancient historical con- fu 
ception that has s had great public appeal This idea has even been symbolized for 
in the Canal Zone ‘seal which shows a Spanish -galleon s sailing ‘through Culebra 
into waters of the Pacific. Statesmen have made many ‘eloquent 
es speeches setting forth the assumed advantages of the sea level canal over the é de 
lock type canal. ‘Yet, in spite of all the rhetoric, a lock type canal was adopted be 
through ‘the efforts of the late John F. Stevens, Hon. M. and Past- 
President, ASCE. ‘lt was completed by» the late George | W. Goethals, M. 
In a recent of ‘the marine features of the s sea level and 
Beers leek type canals, it was assumed that the sea level canal would follow the same a | ae 


general route as the present Canal; would Id have : approximately the 1e same f¢ form; — | d 


would contain a tidal lock at Miraflores; and possibly would have a an anchorage b 
mooring basin north of Miraflores. In effect, such a waterway not 

be a sea level canal | but a tidal level | lock canal. 


The conclusions as to the effects on on were that the tow level lock 


sam ae (1) Extend the length of hazardous channel from 7.69 to 31.18 ae 


» Increase the number of critical curves (20°+) in the: hazardous 

Increase the total curvature in the channel 129° to 


Je 
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MARINE OPERATING PROBLEMS 
‘Probably | extend the e channel length subject: to fog; 
= (5) Probably | curtail operations during fog. periods; 
(6) Require the use of ship mooring stations; 
(7) Extend the grounding, and steering gear failure area co 


(8) Ir Increase the number of transverse streams; 
(9) Reduce pilots’ vision; 
: (10) Increase the time required for transit; 
(11) Complicate the traffic control problem; 


(12) Subject the Canal to the dangers of great floods i in the Chagres Valley; 


(18) Reduce the general navigability y and operational convenience. < 


- There is only one appreciable marine operational advantage for the “sea 
bevel” canal and that is the elimination of the Atlantic locks and the consequent 
reduction of | lock accidents. In comparison, the f the 
To SoLve THE 


_ The principal | marine operating problems o of the present Canal have been 
_ described. The way to overcome them is to remove Pedro Miguel Locks from hs 
F their position at the end of Gaillard Cut; to create a large summit level anchor- 
age in an elevated Miraflores ‘Lake; and to concentrate all Pacific | locks near 


4 Miraflores in continuous | lifts. ‘These changes automatically correct most 


‘fundamental from. the operational standpoint. Ts will supply the best canal 


yy __ Thels land contours of the Miraflores Lake basin are suitable as an impound. J 


perimeter for. a terminal le lake on the Pacific and y will require relatively small 
and dikes. - There are several possible lock arrangements. Of these 
est marine arrangement is the one in which the e present \ Miraflores Locks are 
_ abandoned and all the Pacific locks are placed on a new site that will. utilize ee: 
in someway the excavation for the by-pass locks at Miraflores (Fig. 2). The | 
general layout and relationships of this terminal lake, as of May 9, 1946, 


summit level anchorage (Fig. 4) i is of of greatest ‘marine interest to thos 
“charged with the operation of the Panama Canal. «dit contemplates nine 300- : 
thirty to be obtained by dredging: certain areas. 4 
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"MARINE OPERATING PROBLEMS» 


Coes * uate essential points of the Terminal Lake Plan for the improvement of the 


—_New Boundgry o 
Lake El pr 


Relocated Panama Railroad 


. Cerro oon 


= 


OR THE IMPROVEMENT or PanaMA 


4 tion nt the ond of Gaillard Cut and the creation of a large summit level anchor- 


| the Paci to the ‘solution. 


3 Miraflores Lake from near-by vantage points, or studied the operating sheets, ns 


weather 1 reports, and accident records, cannot fail to discern the tremendous ; 


(2) Increases the capacity of the Canal; 
(3) ‘Extends | the useful life of the Canal; a 


Increases the summit level water storage by 50% to 75%, water- 


— 
Be 
— 
— 
Be. 
if one who has made manv tra oe 
— 
ag 


Railroad Relocated 


n 

& 

~ 

3 

= 


= 
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Scale inFeet 


erro Parai 


ap 
ig (5) a Miraflores and the entrance 
Makes the operation of Pacific locks of foe: 
(7) Simplifies the problem of dispatching transit traffic; 
(8) Avoids the three large turns and consequent groundings in the 1939 
“Third Locks Project channel between Cucaracha and Miraflores which would 
Revessarily be traversed by the largest ships; 
— (9) Eliminates o one lock ‘ from tl the Pacific Jock ‘system and the h hazards i in 
Miraflores Lake the departure of vessels and from 


— 


(12) Simplifies | the operations of the Pacific locks; 
Reduces the channel maintenance operations; 


(14) Reduces the time of transit about 1 hour; 


(15) Enables a better “distribution of Dredging Division “equipment in 

(16) Increases ‘the safety o fety of tr transit especially f for war vessels; 

(17) Enables a better handling of transit traffic in the event of ti 

— (18) Eliminates the lock silting problem in the present Pedro Miguel Locks; 
(19) Improves ship handling conditions in Gaillard Cut because “of the 


mination of surges and the i increase in channel depth; and 


st 
AS 


(20) Removes the: dangerous traffic bottleneck of the Panama Canal at 

+ os Other o operational a advantages could be added to this list. = So far a as known 
- there are no operational d disadvantages to this plan. +. The marine advantages of 

‘the Terminal Lake Plan are so extensive that this p plan will have a . tremendous | : 


= ope to the United States Navy and to all merchant shipping. Tn 


‘- of the land is pene for the creation of the terminal lake by ain. 
“4 Geological reports indicate favorable foundations for locks ‘and dikes. ‘The 
engineering features of the plan have been examined by engineers and have been 
given preliminary approval. All of them would have to be subjected to in- 
- tensive and detailed study. T he cost of the Terminal Lake Plan should not e 
differ ‘materially from the revised cost of the 1939 Third Locks Project. 


d 
On the other hand, it is not desired to minimize problems that will 


oO Elevating 1 the spillway and 
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i that it should be adopted even at considerable additional cost.  Itis the plan 


BB segs Locks Project on the Pacific end of the Canal is so ee Pa 


that will meet the marine operating requirements of the Panama Canal. It — 
- will make possible the construction of additional sets of ootn at each end of the 
Canal. . It should be the plan for the ultimate canal. 


One of the first questions that i is likely to be raised after this is, aad 


“Why we were these fundamental ideas not presented before this year?” — The 


In recent years” ‘Ralph Z. Kirkpatrick, former Chie of Surveys of The 
omens & Canal, saw the weakness i in the present canal arrangement and sub- 
mitted suggestions. main purpose seems to have been to ‘combine the 
~ Pacific locks into one structure. _ His plans were not backed with the force of a 
a Before Mr. Kirkpatrick there v was the late Maj. Gen. W. L. Sibert, M. ASCE, el 
builder of Gatun Locks. He wanted to place all Pacific locks between Cerro 
Cocoli and Cerro Miraflores i in one'structure as at Gatun. Although he had an 
y ~ excellent grasp of the needs for traffic, his main thesis was economy of construc- 
tion. His plan y was investigated by: a board which reported | favorably. , The ane 
“report y was referred to the President of the United States who decided against 
adopting the change in the canal plan because the Pacific locks had been th 
started; because it would have meant a delay in completion date; and 


a any we would have given the enemies of the Canal an opportunity to 7 


4 


it as an evidence of weakness i in the lock type canal ata time when 


political attack could have . endangered the completion of the Canal. a areal. 
. Before General Sibert there was Mr. Stevens. In 1906 he proposed the 


~ combination of all Pacific locks into one structure near Cerro Aguadulce with e 


a summit level terminal lake formed by a dam between Cerro Aguadulce “<a ¢ 
and Cerro de Puente. ‘He was a transportation man and understood the 


operational implications of his proposal. Unfortunately, his investigations 


not establish the existence of suitable foundations for lock structures. 
| “Alto during Mr. Stevens’ time there was the late William Gerig, M 
who developed 1 the same idea independently | of Mr. Stevens. 


Still earlier the proposal of the French engineer de. 
at the Paris (France) Congress of 1879. had worked on the 
‘Isthmus and knew the problems that would face builders. With plan 
3 “of unbelievable simplicity he advocated creating large artificial lakes about 80 
ft above sea level at each end of the canal with dams as close to the oceans as 
ceeaitind by. the configuration of the land, and connecting these lakes by locks — 
With the sea level sections of the Canal. © The problem then would have been’ 
1 simply "one of joining the lakes by digging a channel across the continental — 
Pi divide. This is properly | termed the high level terminal lake conception. M. _ 


de probably \ was motivated 1 by control of t the Chagres- River and 
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MARINE OPERATING PROBLEMS 
his plan. The conception of this plan has brought an enduring die to its 
de Lépinay’ was not adopted until many years later, in 1906, when 

tis adoption of the high level canal with a dam and locks at Gatun was secured 
os mainly through the efforts of Mr. Stevens. Because there was no provision for 
a a terminal lake on the Pacific side, { the Canal as ; completed i in 1914 was only a a 
partial realization of the fundamental conception of the Canal a as a marine ‘ 
operating 1 unit. _ The Pacific sector of the Canal when opened for traffic did 
conform to the requirements of the full de Lépinay 


experience, ‘not available to the early canal builders, is available for guidance, 
7 When the Canal was constructed, engineering considerations were the chief 
SES for decisions. Now marine operational requirements rather than en- 
gineering problems are the factors ‘that should govern decisions. Just as 
ees. events forced the relocation of Bohio Dam to Gatun, to form Gatun Lake, the 
7 ae _ time has come to eliminate the Pedro Miguel Locks anc and Dam and to concen- 
trate all Pacific locks near Miraflores to form a high level Miraflores 
Primarily the ‘purpose of this paper is to present a historic ideal of the 
Panama Canal improvement in its modern conception, fortified by ‘thirty: years: 


mmzine operations. ‘Discussion of these points should clarify the whole 
"problem: No claim ‘for. engineering or construction sufficiency is 


issue is clear. s olution of the ma marine operating problems ¢ of the 
: Panama Canal consists 3 of (1) the physical removal of Pedro ‘Miguel Locks fre from 
rhe their position at the end of Gaillard Cut: ; (2) the creation of a large summit 


for traffic; and (3) the construction of all Pacific locks i in single | structures at 
lane ae hat plan should equip the Canal for ages 3 to come. Those who 
bring it about will bestow a tremendous ‘service on the naval forces of wack 


States and o1 on n the s shipping of the world. will be the r real 1 modern- 


them with the builders of the Panama 


rie 


level terminal lake north of Miraflores Locks for use as an expansion ‘chamber d 
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lined, in | order ton secure eat the s same > time ma maximum m safety f for operation in in war 


in its 


present alinement, to sea level operation. 


Supporting such a a thesis, this paper proposes: a ‘step-down at 
_ deepening a and widening th the channel, without interrupting traffic and i including 


‘ the possible utilization of ‘mammoth machines for extraordinarily ; deep d dredg- 


‘The x ‘major problem, to handle floods and runoff on the Atlantic slope, 
be solved by diversion channels and tunnels where needed, 
pplemented by lar e longitudinal barrier dams. _ The flow would be con- 


“trolled by storage reservoirs and spillways, leading ‘Gdowater inde- 
pendently of the | sea level channel. 

Incidental problems are are discussed, including slides, Power de- 

velopment, protection i in war, and tidal locks. enough history is 

sented provide an minimum | background. Costs are estimated as on 

construction time as from 12 _ 


“years to 20 years—all on the methods is adopted. 


paper is is condensed from “Streamlining | the Pariama Canal for } 
4 


Safety aad Unlimited Capacity, which was presented before the Con- 
struction and ‘Water erwa ys ‘divisions of the So ociety on oars 16, 1946, in it 43 
New: York, N. ‘The views expressed are “personal hav official 


status relative to the Panama Canal. Ac copy of the original Pape has 
fled i in the Societies Library! for further reference and details. 


1§Supt., Dredging Div., Panama Canal, Gamboa, Canal Zone. 
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« 
‘Engineers are familiar with the general layout of the Panama Canal—its 


_, locks at Gatun n near the northern e end leading to a summit le level of 85 ft, ; 
its lock at Pedro Miguel on the south side of the Continental Divide connecting ; 
; with an intermediate level, and its two locks at Miraflores reaching to Pacific 

tidewater. The distance affected by the proposed | conversion to sea level, be- 


The general features 
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a pet Construction experiences in building the present lock type canal have been 
- tremendously complicated; but they will greatly simplify solution of the vast 


— of oe development by application of the s same close. study and co 


the Continental Divide, the greatest 
Z obstacle to canal construction. In like manner the amplification of the present ai 
anal, for maximum safety and utility, will be largely a matter of excavation. S. 


Questions of f economy, time, and | defense, coupled with lack of experience and — 
reliable information, precluded earlier realization of the type of canal con- 


sidered by many as most desirable—a canal without. obstructions, or the 


The of versus § sea a level type (the E Battle of the Levels) wall 
neeption. In spite of successful 


a lock k canal, it n is imperative 


tos 
‘mol 

Col 
Colt 
ok 

wan ams 

Roo 
‘bein 
Hon 


3 


2 


0 


; February, 947 


study ‘seriously ¢ the manner of securing, not t only maximut maximum oe but 
more important, maximum safety i in case of war. q 


BEGINNINGS 


Many volumes have been written on the historic 


of the fabulous Panama country, dating: back to the time of Bastidas and 7 
- Columbus, through Balboa and the ‘Spanish influence over a period of centuries. — .. 
n the days of the California gold rush and later in 1852 when Lt . Ulysses s. < 


ee crossed the Isthmus, the United States became intensely interested in| 


the canal project which persisted to its completion. Me Meanwhile the French, 
headed by Ferdinand de | Lesseps—the builder of the Suez Canal—started | a 
sea level canal at Panama, changed to a lock type, and failed in n both, due to 


ble trip of the battleship Oregon around South America in 1898 — 
- focused the attention of the American public o on the strategic importance and Be 


wen needs of an isthmian \ waterway. In succession there were two early — 


American commissions to handle the construction—the first with John G. 
Walker as chairman and ‘John F. Wallace, Past-President ASCE, as chief 
engineer; and the second with Theodore Shonts as as chairman and John 


St 
the determination of the type ¢ of With this in in 
4 mind a Board of Consulting Engineers w was created on June 24, 1915, , by € execu- % 


tive or order of President Theodore Roosevelt. His ins instructions i in part stated: 


ae “There are two or three considerations which I trust you will we ve 

-. keep before your minds in coming to a conclusion as to the proper type of — we 
canal. I hope that ultimately it will prove possible to build a sea-level — 
a canal. Such a canal would undoubtedly be best in the end, if feasible, and. 

¢ “ I feel that one of the chief advantages of the Panama route is that ultimately _ (m : 

B _ a sea-level canal will be a possibility. But while paying due heed to the 

oe ideal perfectibility of the scheme from an engineer’s standpoint, - well 

the need of having a plan which shall provide for the immediate building of 

a canal on the safest terms and in the shortest possible time * 

‘The I Board of Consulting failing | to a unanimous agree 


_ nent, presented two reports on June 10, 1906. The majority report, signed a 
“eight members, — favored a sea level canal. The minority report, ‘signed by 
7 members, favored a lock canal, with a normal lift of 85 ft; it v was concurred — “) om 
‘in by the Isthmian Canal Commission, with one member dissenting, and also. a ; 
“attained the support of Mr. Stevens, the chief engineer. Congress then passed 
an act requiring a lock canal, which became law by sane: of President . ae 

es At that time the waterway was vulnerable only, from land « or water ain 

hence the security features referred were principally confined to ‘those 
inherent in making the structures themselves safe from an | operational stand- 
point. . In the matter of time, the capacity of new machinery assured comple- i 
tion of the larger American | lock canal in about the s same interval as that re- ae 


quired for the French company’s proposed lock type—or ten years. Because 


of the prohibitive cost | of the sea level waterway as ovalented: at that period, ie 
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the uncertainty ab success in the wtinite of many leaders, and the unknown and 
unsolved problems which were later encountered but finally mastered, it is 


2 generally conceded | that the choice of type at the time was amply eves 


te put the first ship through on n August 3, 1914— ith the canal channels in sod 


Culebra Cut cleared to full width and navigable ft. by wh 


were troublesome and costly during dry excavation, but not until slid 
after the Canal had been opened to navigation did they attain major importance 
become calamitous. Even important, they were disastrous in § Gai 
~ neutralizing 1 the Canal’s primary purpose—as America’s greatest single instru- § 


Slides 


* im? It was discovered d during dry excavation that, whenever the bottom of t the 
out pushed up, an equal displacement took place in the adjacent banks, caused § 
“ _ by the unequal distribution of pressure and in direct proportion to the varying § The 
pis a elevations of the adjacent banks above the bottom. | Obviously, ‘“* * * if the on 
193 a height of these banks were reduced, the e movement w would decrease; and if re | a 
duced sufficiently, would cease entirely.” A contrary view developed—that, | 
ak _ by allowing material to move into the cut, the minimum amount would be ver 


* handled, resulting in a natural slope of the material in addition to reducing cost. bar 


The first assumption was correct. — _ The lack of proper slope of the banks § the 
ec a was substantiated as one of the primary causes of slides in the cut, to which was cam 


aS later added the second primary cause for slides—that is, lack of seepage and oce 
‘drainage control. ‘These two causes furnished | defined formula for pre 


eh Early it was known that parts of Gaillard Cut were particularly susceptible but 
wea) to landslides, ‘requiring ‘relatively flat slopes, and that the surface must be con 


z provided with proper drainage—the latter being considered only a contributory dee 
‘ie cause. However, because of the fa failure of the French company and because of @ fut 


A immense e political and economic pressure brought to bear for early completion “sloy 
of the Canal, more or uniform slope throughout the cut section Was as- 
sumed, and a minimum of drainage» provided. Furthermore, many has 
_ stretches as originally excavated did stand up, saving temporarily at least the § ind: 
cost of securing 4 a more desirable theoretical 1 slope. The opening ¢ of the Canal to con 


traffic w was thus expedited, with ever-increasing returns; and the slope problem, a 


‘the deep ‘cut sections ‘where slides are e definitely to be expected, the 
— of attack is that of working to a predetermined slope in a widening 
and deepening by removing the high banks immediately border- 


Annual Report of the Gov omnon, ’ The Panama Canal, Fiscal Year Ending June 30, 1916, U. 8. 
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approximately 100 ft. Thus, the frontal step is kept one lift ballon the ac ad- : a 


e jacent one behind, and this procedure is continued until the predetermined — ily 


slope line is reached. ‘By this method the objectionable superimposed weight 
i is removed, and simultaneously a new and flatter step slope, nearly conforming — 
“to the final angle of repose, i is obtained and subsequently 1 retained throughout 
operation. Furthermore, the new ‘slope carries much of the blasted 


j terial directly » the dredges below. In these operations, up to 15 tons of 60% oe 


8 sodium nitrate dynamite have | been used on the highest banks of Gaillard Cut, 
except that predetermined in the mined area. Therefore, it is Teasonable to to 
conclude that bombing of the canal banks would not result in an appreciable oa 


nee After twenty years of f actual experience, a a formula proper slopes in 


in Gaillard Cut has been determined: 

From El.+40 to El. +90—slope 1 
From El.+90 to top rock—slope 1 on 


the 
1 
top rock totopslope—slope Lon 5 
ying ‘These slopes are definitely : safe for s any of the material involved; ; they are based e 
the on nature’s great test laboratories—the banks themselves. 
re- The second great: development for preventing slides is a systematic plan of 


hat, and drainage control along both banks of the cut. It consists of 
1 be all drainage ‘directly into the Canal at suitable places, where rock 
cost. banks are firm, and, where e they a are of f providing permanent works to hold. 
was o Some of the most formidable ibaa breaks or deformation slides have a 
and < occurred during the dry season. _ The presence of impounded © water in de- " 

pressions relatively near the slide areas was apparently given 1 very little c con- 
_— sideration by engineers © or geologists. >, Isolated areas still remain to be ¢ drained, 

tible but the final system for the entire cut area will be postponed, pending definite oe 


be conclusions as to ultimate development plans in the way of widening and 
deepening the cut. Possibly some of the slide : areas may be extended i in the 


tory 

se of future, and additional bank breaks m may be expected because of 

sas- The practicability of conversion of ‘the lock canal to sea level at Panama 


al to 
, the 


“Canal began to. serve e its | : primary purpose a ‘as § a great instrument of offense and 
defense in World War I. It increased the effectiveness of American navaland _ 
transportation fleets. tremendous aid to the War effort was apparently 
taken as a matter of course by the general public. 
ii. With the tremendous development of the airplane, every step possible was “sg 
taken 


for the Canal’s defense by the time of the outbreak ad World War sha dl 
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SEA LEVEL PLAN: 
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| 


almost immediately after the Canal was s opened. Such projects 
sisted mainly « of widening | or deepening the channel and e: easing the bends. % In 
———— a special Channel and Harbor Improvements Board submitted | 


a series of twelve channel and harbor improvement projects, covering various 
= in the Canal difficult to navigate, and also the deepening of the Pasifis, 


“igs and ‘to | increase e capacity, involving the widening of Gaillard Cut to oa 
‘minimum channel width of 500 ft and deepening it an additional 5 ft, or to s a 


¥ bottom elevation of 35 ft, precise level datum. The advantages claimed were: 


= or blocks caused by slides would be cured by applying stable bank ‘slopes 


and installing proper seepage and drainage control; directional or one-way 
affic would be eliminated ; speed of ‘ships through the Canal would be in- 


creased, thus decreasing the cost to shipowners and raising canal revenue; 


eyes to shipping would be decreased by improved navigational conditions; 
‘ill effects of surges and necessity for the construction of a costly surge basin 


would be eliminated; and all the improvements would contribute toward 7 


18, have 


the French. It was oummpleted in February, 1935. The primary objectives 
om order of importance | were: (a) To control drainage of the Chagres River into’ 
the Canal i in time of freshet; a to maintain Gatun Lake at @ normal elevation 


‘expanding and i improving ‘the Canal 
F teed by Congress in 1929 and again in 1936. As a result of the latter investiga- 

tion, Governor C. 8. Ridley, in Bebruary, 1939, recommended that locks be 

_ started within ten or twelve 3 years on the basis of commercial 1 requirements 
2 alone. . This project, costing $277,000,000, was to incorporate locks of greater 
"s dimensions than formerly. In consideration of defense, they were located at a 
. distance from the old structures, entailing additional excavation to provide 


YOngress authorized the construction of Third Locks substantially i in accord- : : 


ance with this plan, but stipulated as the @ purpose, “* * * in the interest of 


Beer i Even 0, it was generally conceded that the lock type canal continued to be bie 
2 li 
4 = <a 7 
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Concurrently with the development of canal channels, studies were started 
— 
i 
: @ providing additional lockage water; and (c) to provide additional electric 
a 
ig. 
tic 
a 
n 
b 
th 


fe. 


February, 1 [947 


program—from_ ‘July, 1940 to o June, 1946. Then, because of the” 
~ likelihood of war, the over-all schedule was accelerated to permit use of the 


"heen Ww locks by June, 1945, thus s reducing the construction program to a five- 
period. However, war r developments caused practically all the v work onthe 


| : Third Locks to be terminated in May, 1942, except wet excavation, which was ae 
carried on as a backlog of work, 


o.. Considering the developments ‘that have been made since Pearl Harbor in a 


the range and size of planes and | the destructiveness of their bomb loads, and ee 


the further developments that may be expected, the deere of the lock -_ 
type: canal as a wartime transportation anc a 


his service at all times shall be available. — om 


Following general cessation of Third Locks ‘construction, various changes 


"were suggested i in the original plan when and if construction i is resumed. The 
‘ | ge reasons were: (a) If conversion to sea level is considered necessary, and 
is. undertaken in _ line with the plan of lowering the lake by steps, as con-— 
- templated i in the1 report of Governor H. Burgess, M. ASCE, for 1931, the project — 
vi will have been advanced by the removal of Pedro Miguel locks; (6b) suitable 
3 design can be incorporated i in new Third Locks and existing locks at t Miraflores — = 
to facilitate conversion; : and (c) certain improvements in operation will | have 
been gained for the existing lock type canal in the interim. 


Tae general ‘scheme conforms to that. “proposed it in 1907 (except, for the 
"addition of Third Locks) by the late Maj. W. L. Sibert, M. ASCE, member. of 4 


the Isthmian Canal Commission, and | later advocated by a a board o of consulting by: Se 
engineers ir in February, 1909. was also given consideration by the Inter- 


- oceanic Canal Board of 1931, the general object being to concentrate all three ide “ 
flights of Pacific locks at Miraflores, similar to the arrangement on the 


_ side at Gatun; and to create, in the words of the consulting engineers, =» ie ota pa: 
= te * a Pacific Terminal Lake * * * more than a square mile in area, = ‘ 
+ immediately above the locks, in which ships going in either direction can oq 

¥ come to anchor to wait for the lifting of night fogs in Culebra Cut, if east 
io bound, or for any other convenient purpose. This terminal lake would be a <3 


* * 
wy * _ Other advantages claimed for the Terminal Lake scheme are: The elimina- 
stiga- “tion of Pedro ‘Miguel locks, the bottleneck at the south end of the cut; ie Ey: 
ks be elimination « of surges in the cut; the elimination of the construction of third 


noe g cks at Pedro eas and the excavation of a second cut, between ‘inde 
rea 


tives 
r into 
ation 


presented, only one seemed anil 
& acceptable if conversion to sea level i is to be long delayed—namely, that of 


3 an additional on the north end of Miraflores 1 of 
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third at Miraflores at the side originally designated for two 


will —— apparent, however, that : all the disadvantages enumerated i in ‘the 


(2) Surges in the cut, created by lockages, will have been eliminated. 
(8) No additional to additional locks will have to be excavated. 
4) The traffic time and accident rate, as affected by tl these « artificial barriers, | 
ae sud (5) The narrow cut section will have onnaia side slopes from an increased 
ead bottom width. _ This will allow st ships to be maneuvered to ‘the n new full 500-f -ft 7 
¥ bottom width instead of an actual 200-ft navigable v width, as at present, be- 
cause of the present vertical bank slopes (10 vertical to 1 horizontal) 
prohibit ships from utilizing the f full 300- ft width now available, 
(6) Electric p power requirements for the Canal will have been asi to 
(7) Most important, the necessary artificial storage of lockage water, and, 
“3 “concurrently, the annual water ‘shortage fear, for the lock type canal operation, 
3 a Pn will have been eliminated and with it the greatest danger « of prolonged closure 


Es epee _ Danger of grounding ships in channels of 500- ft bottom width, with bank | 
we = 2% slopes sand increased ¥ widths at turns as recommended, cannot | be taken seriously © 
Bes when compared to the number of accidents which have occurred under your © 
il tions existing in the present lock | type canal. _ Little trouble has been expe- | 
el rienced with the transit: of average s size ships, even in the e comparatively na narrow © 
Bi “3 channels of Gaillard Cut section, except as may be inherent in the power - plant” 


or ‘steering gear | of such difficulties have been with the large, 


“trim; and the great: of water i in relatively confined 
ae the latter case, the hull i is too close to the bottom or to the comparatively 
vertical banks, and thus. prevents: ‘sufficient accessibility of water to the pro- 


peller and rudder—referred to int the “Pilot's. Handbook” as | bank suction. 


all available data, it 2 appears that fogs w were eas before canal 


cTOss wind to aid i in fog dissipation. It is possible that even the comparativ ely 
slight fog and occasional rain squall t that menace navigation may be neutralized sh 


by the application of scientific discoveries produced during the war, such ih 


oe nage radar or other devices not yet disclosed, which will permit at least. directional _ 


one-way traffic during these comparatively short stoppage 
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a In any event, fogs throughout the eut section a are re not mate of such i import 


narrow channels during daylight operations. ‘The of the cut 
aoe would more than make up for the capacity lost as a result of fog. 
PROPOSAL FOR CONVERSION ‘TO 


- required, i incorporating the: Terminal Lake Plan, but at great expense. — _ There 
~ always remains, however, the elem of ‘vulnerability of the lock type in time > 
of war and this i is increased d each time a lock, adam, a spillway, 0: or other control © 

is added. Furthermore, great addtional ‘cost is involved in widening 


cut each time a lock is ‘added, to maintain proper -navagational conditions. 


‘desired, toward “the optimum capacity by the addition of locks as 


& 


Otherwise undesirable currents would i increase in proportion to the cae ll 
of lock water from the summit level; and, moreover, the resulting increased poems 
ory control works, each in turn increasing the Canal’s ; vulnerability. = 
mechanical methods of supplying water for the lock type canal must be — ie 
sideréd because the deepening and widening process, for the present summ 

level and lock structures, is limited, as is * wate 


the capacity to ‘the optimum by conversion n to sea level operation is 
& and 1 relatively i inexpensive, because such improvement will be made as ti traffic 

demands, with no change in flood or other control works 1 necessary. 
Iti is” believed that practically all engineers familiar with the Canal’s con 


_ struction, maintenance, or operation considered the lock type favorably ~ 


- the destructiveness of aerial warfare was so forcefully demonstrated i in World wa 
War This is raised se serious doubts ‘concerning the of 

e it seems entirely possible that the lock canal could be la out of tla 

without even endangering the personnel conducting the attack. A sea level 
: ~ canal could not be destroyed by such methods. — Once t the water in the summit , 
devel i is dissipated, the lock canal could conceivably be out of commission for + 


duration of war As against this, Navy strategists apparently consider it an 


essential ‘that. transit, of all vessels between the Atlantic: and Pacific oceans 


shall be rapid, easy, and safe for defensive and offensive operations in 
‘The feasibility. and practicability of converting the Canal t to sea level form 


“hase received approbation | from the Board of Consulting Engineers in (1906, 


and from Governor ‘Burgess of The Panama Canal and the 


The Board of 1906, admonished: 


**Report of the Board of Consulting Engineers for the Panama Govt. Printing 
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impracticable financial standpoint until the should 


have so increased as to tax the capacity of the lock canal, or until other © 

sufficient reasons exist f for or such a a change.” 
> good and sufficient reasons have become most apparent. To quote 
applicable statement of the Supervising Engineer, E. “Abbott 


“Tf the hypotheses | that a lock canal cannot be made impregnable and 


transits without delay of many months are essential to the security of the 
United States, are accepted, it must be assumed a ‘sea-level canal 
‘program must be the ultimate solution * * 

‘STEP- ‘Down PLANS ‘FOR CONVERSION 


The conversion. from lo lock to sea level canal 


tows that described i in Governor H. Burgess’ report | of August 4, 1931, to the 
‘Secretary of War, and the excavation scheme is based on a revision of the plan 

. B. Williamson, M. ASCE, formerly Division Engineer of the Pacific | 
“Division, later a member of the Interoceanic Canal Board in 1931. 


method 2) conversion without interference to traffic excavat- 


side—the latter operation to be followed by the removal of the 
Pedro Miguel and ‘thet upper locks at Gatun. | The same procedure i is followed 
ef the second lift, after which the top flights of locks ‘at Miraflores and the | 

ae ‘second flights s at Gatun would be removed. — Finally, by the same procedure, 

haa . last lift would be e removed down to sea level. Coincidentally, y with the 
o ae u excavation of channels and removal of locks, the diversions, necessary dams or “A 
barriers, and control works would be installed progressively at appropriate 


The primary reasons for prior completion of Third Locks as a forerunner > 
to the execution of this plan, i in whole or i in part, are fourfold: (1) To insure 
continuous traffic through the Canal during « conversion; (2) to permit additional — 
- lockages for excavated material and movement of construction plant, when and 
required; to provide for lock overhaul during construction; and (4) to 


“ages of the step- -down scheme i is that lifts may be made picsemeal, 
between them if required for r any ‘reason. 


control of the- Chagres River and its tributaries the: most 


- difficult problem to be solved in effecting conversion to sea level as well as in . 


a permanent flood 1 control system thereafter. This feature was 


complished for the lock type canal in the creation of Gatun Lake. The French 


- company ’s sea level plan to accomplish this purpose provided a dam across the 


Tae Chagres River above Gamboa and a spillway intq an East Diversion, which © 


4“*The Hypothetical Sea-Level Project,” by E. E. Abbott, to the of Maintenance, 


the Panama Canal, Bureau, — Heights, December 2 
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eventually its waters into ‘Bay at the Atlantic end 
(Fig. 3). * In addition, the canal channel itself was to be used in part for flood 
control. The tributaries from the south were to be handled by the West 
Diversion, discharging into the Lower Chagres, and thence into the Atlantic 
Ocean, — These diversions ‘more or less paralleled the canal channels and at 
The Board of 1906 planned® a solid masonry nasonry dam across the Chagres River 
a sa r at Gamboa, with a top elevation of 180 ft mean | sea level. The highest flow 
— line of the reservoir thus formed was 170 ft; it included an area of 29.47 sq 
miles. ~ Through this dam 15,000 cu ft per sec was to be ‘discharged into the 
canal channel with a minimum depth ¢ of 40 ft, and a minimum wetted cross 


- section of 8,000 sq ft. ‘a For the size of canal pr prism 1 planned, this would have r Te-, 


fee quantity in sO ex as navigation is concerned, discounting the effects of fresh 


ier water mixing with salt water. The board assumed that, with a flood of the 


Gamboa for a a of 48 hours, would in Gamboa Lake, 
Beet * * that portion of the volume of the lake ‘achat between the water 
a surfaces at elevations 159 and 170 feet M. * L. _ Furthermore, * * * 15 ,000 
_ eubic feet per second would discharge * an 
the the of the flood of such 


water of 108 and 170 feet M.S.L. is sufficient 
os ae the aggregate discharge of three times the maximum average 48-hour : 

y flow of the 1879 flood, without any water escaping through the regulating — 
sluices of the dam; or the volume between 128 and 170 feet M.S.L. will hold 
ae ; _ three times the flow of such a flood, if a uniform discharge of 15,000 cfs. 


for the exigencies of any flood on the | Chagree River. 4 
‘New Puan FOR CHAGRES TRIBUTARIES 
ane _ Under the new ‘plan herein proposed (Fig. 
therefor shall be absolutely independent of canal channels and thus ‘shall 


: - “% positively eliminate any ill effects that floodwaters might have on the Canal, or 


navigation. This plan also. provides a suitable reservoir system to accomp- 
se as the —* Gatun Lake, in allowing floods to — 


¥ 


control ¢ of the formerly running g into it 


- from” the east must be handled in two’ stages: (1) During conversion and (2 3 


vive} 


ce, D. C., 1906, Pp 4 i 


—Rio Ensenada 


5**Report of the Board of Consulting Engineers for the Panama Canal, 1906, "U. s. Govt. Pets . 
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after conversion. ‘The conversion | period | envisions a a 

Chagres River at of such proportions that it cannot be destroyed by 
bombing a and raised to an elevation of 180 ft mean sea level, with a maximum 

~ flood line of 170 ft. Conduits at low elevation through this barrier, ‘controlled 


et _by valves, with a maximum discharge of approximately 31 30, 000 cu ft keel sec will ‘ 


safety factors afterward, for flood control if desired. 


eae this plan a repr is also provided, with a maximum f flow line of 170 ft 


Mnean sea level, and a maximum of 50, 000 cu ft per § sec 


opes of 1 to ‘ and a bottom elevation 76 ft mean sea me at on 

th ‘Same River end. ‘Tt will ll carry 50, 000 cu ft per sec at a mean velocity of 
i approximately 6.8 ft per sec on a slope of 0.4 ft per thousand. Detailed studies 
would be required to determine the optimum cross section and slope. If the 

% channel i is designed for part of this floodwater, the rem remainder may be e handled 

em aid q by a diversion tunnel connecting the Upper Chagres and Gatun 1 rivers, ¢ or may 

; + be permitted to flow into the Canal through the culverts already mentioned. ~ 
oe __In addition, a continuous barrier dam from Gamboa to Quebrancha will be 


provided, of sufficient proportions to withstand bombing, with an elevation of 
5% approximately 106 ft mean sea level at the ‘Gamboa Spillway, and continuing 
4 10 ft above the diversion flow line to a point opposite Quebrada Chinina with an 


en to png at approximately the 


The material required for these barriers would be provided from excavations 
of channels and diversions. — It ‘may be necessary to shift the Gamboa Reach 
~ Channel « of the Canal southward slightly, to reduce the cost of excavation of 


<3 oe? the East Diversion Channel, as well as to provide sufficient width for the Gatun 
Barrier Dam between the East Diversion and this channel. it will be noted 


B ee that the outflow of 50, 000 cu ft per sec in the East Diversion, combined with 


ais — methods enumerated, compares with the 3 maximum volume of 15, 000 cu 


: ‘During mee conversion period it is proposed also to use Madden Dam as o 
ae flood control and water supply device i in conjunction with the Gamboa Reser- 
e, voir. = ‘The spillway i is to be operated ‘at a maximum | discharge of 50,000 cu ft 


BES sec. The East Diversion will thus join the high Gamboa Reservoir with a 


lower Gatun River Reservoir (Fig. 3); to be formed by extending the Gatun 


Be sea Barrier Dam across the Gatun River arm of the existing Gatun Lake. ae. 
The Gatun River Reservoir would discharge its floodwaters through Rio 


oa Ensenada and thence, into Las Minas Bay through a a Las Minas Spillway anda 
000-ft channel. dimensions of this spillway and channel would be ade- 


ed on care of the combined floodwaters s of the Gamboa and Gatun 
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the sea level c is opened to traffic, it may be found to 
the spillway regulating works, at Gamboa ar and Las Minas, operate at a 
. lower level than during the conversion n period, to provide for greater flood cycles. 2 i ae 
In any event, they would provide the same outflow to retain the advantages of 5 a 
- the reservoir system.. Working models would indicate the proper imoniee 
go that alterations would not be necessary at the end of the work, 
y During the conversion period, it i is possible to take advantage ofafeature 
_ proposed by the Hydraulics Section of the Special Engineering Division in 
1941. would provide additional lockage water during the critical 

_ lower stages 3 of conversion, when elevations of the smaller sized Gatun | Lake will — 
fluctuate more violently because of reduced area. ‘The installation of a regulat- 
spillway at Monte Lirio (through the Gatun Barrier Dam) would permit 
q storage waters t to be conducted from the Gatun River Reservoir into the the present 7 
3 Gatun Lake, over a 300-ft overflow spillway, | at elevation +45 ft mean sea level, bei, a 
with a discharge of 60,000 cu ft per sec at a maximum water surface elevation | 2 
of 59 ft. | _ Obviously, the storage in this reservoir may be increased by ine 
greater range to the spillways at Monte Lirio and Las Minas. 

_ Other features of the e plans of the Hydraulics Section provide for ad dam ab 
- Gamboa, 95 ft above the 1e stream bed o or r approximately at 135 ft m mean sea sea level, 


mean sea level, a , discharge capacity of 190 ,000 cu ft per sec, and outlet con- 
‘he its having a capacity of 30, 000 cu ft per per sec : with water at crest elevation. vam 
scheme provides a discharge into a stilling basin, thence directly i into 
the Canal. Its disadvantage is that destruction of the dam would resultina > 
i “flood of sufficient magnitude to interrupt navigation; however, considering the a. 
great i increase in cr oss section of the prism channels, 30,000 cu ft per sec might 
: be discharged into a 500-ft channel without materially influencing navigation, = 
discounting 2 any ill. effects produced by discharging fresh water into salt water. sigh — 
rs As may be noted, , this proposal revives the same ‘Scheme t that was advocated aaa =. 
A complete study of all methods must be made before any one ‘method, or ee 4 


combination of methods , can be recommended for adoption. Working 4 
a appropriate size will be of the utmost value : and importance—to | det rmine a 


amount. of water that can be discharged into the Canal safely, to uncover 
0 missions, or to correct erroneous conclusions. — In any event, the independent a 
flood control as described would ¢ appear to be the safest from the viewpoint. of | : 
_ aerial attack, because any damage to embankments can be repaired quickly and — 
cheaply, : and the ill effects of introducing waters of varying quantities and 
ensities s directly into the Canal will have been liminated 

«PROVISION FOR: ELEctRic 

ti is possible secure some electric from Madden Dam, from the 


balanced control of flood and feeder problems, to determine the maximum — 


subsequently). 
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SEA LEVEL PLAN Papers 
ae wikia of the an level, for such a system cannot function to greatest — 
Shia efficiency as as a source of f power, requiring high head ; and full basin capacity, and 
at the same time, at a moment’s notice, provide for storing floodwaters, 
ee) quiring a low head or a comparatively | empty | basin. sin. It is, therefore, proposed 

to for all electric power requirements by installing a number 


o 


| obtaining the greatest possible protection by this dispersion. 
a * poner : _ Obviously, it will be necessary to give the highest priority to the creation of 
the flood control system for the Upper Chagres watershed (above Gamboa and 


ae or by using sources 1 ately independent of the Chagres River 1 watershed, thus 
Gatun Barrier dams) in the over-all construction program that it will be 


2 Such procedure will provide : accessible for judiciously exeavated 
. cf ea ma material from the adjacent channels and the diversion , from the start of the 


job. The essential features of the flood control ‘system | for the Lower Chagres ; 
igi 138 watershed must be ‘completed by the time the present | Summit Lake area i is 2 


reduced appreciably below +55 mean sea level datum. 


== at It is proposed that the Madden Dam, after it has served its purpose as a 
en: - flood control factor during the conversion period, will be made inoperative by 
the removal of its co control works. This structure wil will | then remain 


QuEstions or VULNERABILITY AND DRAINAGE 

basic: plans for the Panama Canal will immediately 
“emphasize that the control works of this s scheme are also vulnerable. This 


Re ass Es ‘true, , of course, but they are separate from the Canal itself; and, even if the 


of ‘spillways: or regulating works were to be destroyed, no damage to the’Canal a 
result, for the drainage system would still function. Furthermore, as 


‘Under this procedure all critical control works will 
the time sea level channels are placed in commission and the ‘Chagres River 4 
will have been reduced to normal original flow. There will also be the addi- 


& 
tional safety factors of the large Gamboa and Gatun River reservoirs. " 
a Drainage into the cut section, which i is relatively s small, would be allowed — 


2 opis oS to enter the Canal as 3 at present. In 1 reducing to se sea level, the area thus drained 5 


ca not be enlarged. Therefore, control works, which must be built in any 
event 


, would conduct this water into the Canal “aithoot } scour and with very 
little, if any, more serious effect on shipping than at present, which is nil. 


BS ae Control of floodwaters from tributaries of the Chagres entering from the _ 
west 8 side and below Gamboa will be accomplished by an improved counterpart : 

of the method proposed i in the report of the Board of Consulting Engineers 

1906. ‘system. of reservoirs would be created 3) and the flow of streams 
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or headwaters. F or the Cafio Quebrado and the 
would be reversed and diverted into the headwaters ¢ of the Trinidad; and the a 
inn of the Trinidad and Gigante, in turn, would be diverted into the < eee 3 
and thence into ‘the Old Chagres 1 river channel through the _ 


ioe To the eastward of the West Diversion, between it and the channel proper, 
Trinidad Barrier Dam would be constructed more or less paralleling those 
channels extending south from the present Gatun I Dam. — Barrier dams at the . 


mouths of the Gigante, Gigantito, Cafio Quebrado, and Paja would, in turn 
_ divert these streams as described, thus sealing off all fresh water drainage into. 
the Canal : from the old tributaries of the Chagres formerly running into it from a 
south. Material for dam construction would be obtained from excavating 
“the West Diversion Channel, the adjacent canal channels, and the cut, thus © 
furnishing a a disposal area for scow as well as for hydraulic dredge operations. 
Runoff from the small drainage area on the canal side of this continuous barrier 


Additional lockage. water to ‘he provided from the Trinidad Reservoir will, 
no doubt, be necessary during the excavation of the last lift of the canal prism— 
critical period of conversion. this purpose a temporary Trinidad Spill- 


4 way would be introduced through the Trinidad Barrier Dam system. 


3 _ The advantages of the reservoir-diversion-barrier dam scheme are multi- 
fold: It prevents interference to traffic by invulnerabilities to bombing and by | 


ia sealing off freshet water from entering navigable channels; it eliminates the oat 
objectionable effects of turbulent currents on shipping as result of fresh: water 


i mixing with salt; it provides an easily accessible spoil area for both dry ¢ excava- 


tion, by rail, or - wet excavation, by hydraulic methods or scow dump; it pro- 

_ vides the necessary 1 reservoir ‘capacities and insurance against any floods reach- 

ing the Canal; it provides more flexibility for flood control than obtains i in the - 


dock system and also safeguards against silting fully as well as the lock canal; “did oe 


reduces grades, and provides strategic rail and road communication across the. 


Isthmus that is the shortest practicable; it is ‘indestructible; and it is ‘entirely ae 


bank to accommodate Rio Grande watershed to the westward of the 
Canal, discharging into the ‘Pacific. On the other hand, model studies might 
indicate the of simply installing control works the Rio Grande 
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SBA LEVEL PLAN 
Because all these provisions, a flood of the proportions of of | 


4 od or October, 1923, could be faced without misgivings. _ This reservoir system is 4 


££ effective than Gatun Lake because of a division of the total Chagres: fq 


aa River watershed, with a potential discharge through regulating works more than 


; A twice as great as is now possible at Gatun Spillway, supplemented by the lock 
pyr _ chambers at Gatun and Pedro Miguel. | _ The increased capacity of this flood 
ee system, therefore, ‘provides safeguards beyond any reasonable expectancy of 


q 
increase. The maximum safety feature during conversion, obviously, 


ee must. be sacrificed; - but this danger i is lessened tremendously the sooner it is 


a accomplished immediately after a war, when the element of war damage is 


| am The system proposed has greater advantages in guarding the Canal against — 
silting than obtain in the present Gatun Lake. _ 


omic If conversion is not delayed until the indefinite future, the T Third Locks can 
oan. be integrated into the scheme in a greatly simplified form, resulting in an ap- 


-preciable decrease in cost. is probable that no new locks would be built. at 
; ae Pedro Miguel and the n new locks at Gatun could begin service at the level of — 
the middle chamber. lowering of the lake level would progress so rapidly 
that the upper chambers of the new locks would scarcely be required if con- 


in in the level would be to grade, 
3 and flood control works and diversions would be completed, while maintaining 
a the present summit level at an elevation of +85 ft. Obviously, these are great — 


es advantages i in that problems of hydraulics. are largely eliminated, except those 
inherent in the present lock system and the completed. project. Flood control 
systems: identical to those for the step-down plan would b be provided ; but 
re doubt savings in execution would be e realized. The entire control system would 2 
a ze be completed by the time the excavation is finished and the construction ie 
Third I Locks: would ‘not be necessary. The capacity of the present lock type 
re canal will be sufficient to take care of all traffic until conversion is ; completed, : 
A if the work is started before, say, 1948. This is because only three commercial © 
and a few naval vessels are too large for the locks. 44 


definitely practicable. savings ase indicated i in the final 
for this plan, if it proves practicable. However, a combination of the step- if 
down deep dredging plans would meet ‘more satis- 
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a stein dininie and dipper handles; (b) the proposed flood control system, in- 
“a corporating the high level reservoirs for the construction period, would make 


aa available the necessary lockage water lost in reducing the present summit level _ 


; one lift or step; (c) construction of one Third Lock at Miraflores and one Third 


u Lock at Gatun, of simple design with one lift, equivalent to the two lifts as of _ - 
aewpr design, would reduce over-all costs materially and simplify conversion; 


and (d) the solution of other hydraulic and construction aioe claimed for — 
the deep ) dredging, g plan would still obtain, 


Locks 
lie; 


ae After m ‘many years of debate the necessity of tidal locks in as sea level canal 


at Panama is still an open qt question. As a precautionary measure, | sufficient 
for such tidal locks have invariably been included in estimates. Inmost ote 


_ discussions the important point has been overlooked that, if a sea level canal is — 


- deemed essential, it should Pei whether tidal locks are needed or not. 
ad 


iba 
The installation of tidal locks would be made for the sole p purpose of im- 


“hour. a Recent calculations, based on the ny by Brig. -Gen. G. B. Pile. 


bury,* ASCE, indicate that the maximum may be as high as 


‘Hydraulic ‘model tests will be “necessary to determine the intensities. of 
i currents in in the Canal and the measures that may be undertaken to reduce their 
4 “effect, 01 on navigation. | A decision can then be made with respect to the tidal a 
locks. If it becomes established that tidal locks are required, they should be * 
"designed sO ) that their total cross-sectional area ‘is: at least equal to the cross- 

- sectional area of the canal prism. %y Then, should one of the locks be placed out 
_ of operation in such a manner that uncontrolled tidal flow would take place Ps ay 
e through it, the other locks can be opened ¢ and the velocities at the lock section a 
will not be greater than those in the channel. ey ‘smaller cross section at the ay 
locks would result ini increased velocities and a sudden in 


z relatively insignificant structure in comparison to the present 

€ locks. It would have to be designed for operation under a maximum head of 1 

q = ft for control by sector gates that can be operated against flowing a 
water. Should the lock be placed out of operation, transit through the Canal er 
might be limited somewhat, but it would not be suspended as is the case if the — 


8**Report of the Board of Consulting Engineers for the Panama Canal, 1906,” U. 8. Govt. Printing 
ce, Washington, D. C., 1906, p. 56, paragraph 2,00 
3 


“Tidal by G. B. Pillsbury, Professional Paper No. 34, Corps of Engineess, 8.G 
ng Office, Washington, D. C., November, 1939. 
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_ §f constitute a hazard to navigation. The majority report of the Board of Con — a 
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neuverability, if can be provided either 
“construction or by progressively widening the channel as regular maintenance 


; after the Canal is in operation. ' The additional width would ‘not appreciably | 


of tidal currents and would conditions for 


¢ oF Cost anp Time 


Acu cursory of the 1931 estimates for « the present lock canal” 
tie sea level, revised to 1946, indicates that a 500-ft sea level canal channel with | 
all appurtenances, as described, would cost approximately $1, 310,000,000. 
the conversion is made without constructing Third Locks, this estimate may 
be reduced by $100, 000. ,000.. _ The estimated cost of the deep dredging plan i in 
which no Third Locks are contemplated i: is $1,121,000, 000. 
i change of alinement of canal channels is possible at the north end, in the | 
aan Lake section. . This would shorten the waterway by 10,000 ft, eliminate 
a bad turn at Bohio, and shorten the time of transit by 10 min—for an addi- 
_ tional expenditure of $25,000 ,000. _ The reason for the present alinement, in in ; 
the E > French as well as in the American sea level plans, was that, by following the a 
% course of the Chagres River, less excavation would be entailed. This condition 
= also true for the lock canal to a lesser degree. 
ema It is also estimated that an additional $600,000,000 ‘would be sufficient to 


Es & construct : a veritable Strait of Panama, 1,000 ft i in width’ throughout its length, =~ 


orld War: II, it would require the of 5} days’ cost for a 
he fe sea level channel and about 73 days’ cost for a 1,000-ft sea level channel. ee It is" 
not advocated, however, that the 1,000-ft ‘channel be be installed at. once, but 


as a matter of maintenance when traffic demands. 
a The cost of conversion will vary with the urgency of the completion date. | < 
In the 1931 studies, twenty years was considered a reasonable time ime require- A 


ment. Tw relve years will, probably be the minimum. The longer p period is 
oe the span between great | wars. Since a depression, or at least a a “J 
critical adjustment period, inevitably occurs after a war, a job of this magni- 


tude would provide employment for an abundance of available 
personnel, a as well as skilled and ordinary labor; and, , moreover, as a consequence - 
hs: a great saving in the cost of the project would redound to the government. a 


i“. ra ar No attempt is made to describe the step-by-step procedure in the alteration : 
eae . of locks for the lowering of Gatun Lake. _ This- ‘procedure has been covered, 


ae however, in House Document No. 139 2] and modifications have been discussed 
report on House J oint Resolution No. 1438, in by t the Special 
The cost of of both lock and sea level probably | be 


pos 
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the Canal had 1 been completed and tested under most 
severe working conditions and until canal banks had received their initial set. - 
_ After this there should be a decided reduction in cost of maintenance and opera-_ 

‘a tion in favor of a sea level canal, since slides will have been eliminated and since 


scour from freshly excavated channel banks and runoff from adjacent areas 


- will ha have been stabilized. ~ Large suction dredges, specially n made for the pur- a 

show a decided downward trend as to cost, by virtue of large output and 2 i. 
relatively close hydraulic dumps, following methods already used at the 


5 pose, will be able to cover great channel areas in maintenance, and should | as 
Pacific and Atlantic entrances for the disposal of hydraulic : spoil. 


f OF MAINTENANCE AND OPERATION 

2 In connection with the slide menace, it may be stated that, in the process of 

widening | or deepening the cut section, which must be performed to the 

ward, the banks will have to a lower level in many places than : < 

fs present since the accepted slopes now being applied will cut off the tops of oe “te 

adjacent hills, intersecting the down slope at the back of these hills. ‘The 

volcanic plugs—Gold and Contractor’ s hills—through which the 

Canal now passes at the divide will likewise not constitute a menace, 

a J - Contractor’s Hill will be removed in the process of widening and Gold Hill will 

have been cut down to impotency. 

Engineers at Panama are no longer working in the excavating 

through heterogeneous materials or conglomerate strata which make up the 

twenty years” this deepening and sloping process has been going on in ‘the 


_ deepest sections of the cut most susceptible to slides, with positive results. 
an item of disadvantage te total curvature (or s ‘summation of curves), 
"cannot be taken too seriously, n nor held as a valid reason for 1 unsatisfactory 

- navigational | conditions in a sea level canal, because additional and adequate — 1 
widths are provided for ‘maneuverability of ships at the turns. The sea level” 
Suez Canal, whose channels are less than half those proposed at Panama, is 


33 Based o on the normal velocity of 73 sine through Suez, a speed of 10 knots | 
_ through the proposed uniform 500-ft sea level channels at Panama would be 


| geological formations through the cut and other sections of the Canal. For 


permissible. The time scheduled for the present Canal as a minimum for the 

passage of ships between the north end of Gatun Locks and the south e end of 
Miraflores*Locks— —30.4 nautical miles (35 statute miles)—is 54 hours, or a rate 
| of 5.5 knots (6.38 miles per hr). With a permissible speed of 10 knots through a 

00- ft channel, this se same > distance be negotiated in 3 hours 5 

saving of 2 hours : and min. J 

Engineers now have the background of experience to build wl whatever i is re 
be’ - nama 


eg ‘quired at Panama, whether it be a lock type canal of optimum capacity, or a: a 


onversion of the present Canal into a a relatively invulnerable s sea level canal nal) 
it is believed, will 
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useful in war and in peace. are ‘no in ‘either case that cannot 

- solved; it is purely a question of ultimate value to the country in time of war. 4 
y & so far as national defense is concerned most engineers conversant with ] 


ba Canal to sea level than to build a second lock type ‘canal at Nicaragua. The 
eosts would be approximately the same. Other advantages of Panama over 

the Nicaraguan been pointed out very clearly by Gen. Hans 


ne Conversion of the present Canal is not “not justified : from the standpoint of ; 


— commercial earning powet alone; but if it serves it its purpose of defense on one 


g ee occasion its cost will have beer justified. _ The relative invulnerability 
o. is of the sea level type has been demonstrated | at Suez; its serviceability, by the 


7 ak fact that it is ] passing the largest ships efficiently, at low cost and with practic- 
a Bh ally no hazard. ' The Suez Canal has been blocked by sunken ships during 


By World War II, but t only | for day s, not months or years. Its effectiveness as as a 

a waterway has been demonstrated, even with channels 
Tess than half the minimum recommended for Panama. 

= The sea level type possesses all the advantages from low cost enlargement 

q to unlimited capacity for traffic, in addition to insurance against prolonged 


interruption of traffic from natural causes or enemy ¢ action. The only advant-— Sy 


af ages of the lock canal over the sea level type, at the time of construction, ' were i ex) 
“the lower first cost and earlier completion date. However, this procedure was Sy 
Nae justified, for it provided a usable canal, which many thought was impossible rel 
g at the time; and resulted in timely aid to the United States and her allies during ff ha 
World War I, as a great instrument of defense and offense—the main purpose 
for which it was ‘constructed. The intensity of the critical | period has now 
abated, but the war value of the Panama Canal is continuous. ‘The Canal was of 


attacked during the t world wars, but it may not be ‘80: fortunate ar another 


emphasize the importance of the Canal as an instrument of defense and i 

“Pat ae offense, it is only necessary to state that immediately when war was declared a e 
December 8, 1941, commercial traffic as such stopped or was curtailed tic 
because t the necessities of war demanded the transiting of vessels of war—troop th 
* es _ ships, or supply ships. It is significant that the number of ships, and also the a " on 
zs ted gross tonnage, passing through the Canal was comparable to that of the greatest a 80 
commercial traffic during peacetime. ‘The ‘monetary value of this service to ea 
the United States government, ‘contributory t the ‘success of the is in- | 
a ‘*The Isthmian Canal by Hans Kramer, Transactions, Vol. 94, 1930, p. 406. ‘es 
E 
if 


q 
= 
| 
= 

— 


AMERICAN SOCIETY OF (CIVIL 


CAVITATION IN } HYDRAULIC STRUCTURES 


\ SYMPOSIUM 
at, 


JOHN K. VENNARD, JOHN C. HARROLD, Jacos E. 


JOHN K. Assoc. Mz. gratifying that that 


experiences be before the profession as a whole. ‘The main purpose of the 


_ Symposium 1 was to provide s a convenient su summary of theories, experiences, 3, and» 

references on cavitation. is felt that the excellent discussions submitted 

have contributed heavily toward attaining this « objective. 
Professor. Mockmore rightly emphasizes the necessity for care in surface a 
finish to reduce cavitation and pitting. , The importance of careful | finishing 


f surfaces has been recognized i in the | propeller and turbine field for some time; 
n the other hand, a few tests described in the literature seem to indicate that ee 


surface roughness is quite irrelevant. « question is another ramification 
of the problem that has never been decided conclusively, = = 


Robertson’ comment on the ‘ ‘elementary” treatment of cavita- 


tion theory i is not taken to be a criticism since an elementary tr reatment was 5a 
¥ 
the intention of the paper. Professor Robertson raises the question of the effect 
on ¢ cavitation of inter in | iquid, and thus encounters another un- ty ote 
solved problem of cavitation. Pure, ai air-free,  unagitated water has been. shown 
capable of withstanding ‘enormous tensions for Telatively long ‘periods, but 
obviously such conditions would never be satiofied in | occurrences 
of cavitation. Nevertheless, it i is possible that, even in in “engineering water,” — 
- tensions 1 may exist for a sufficiently long time to contribute significantly to the =: 
formation of the cavity. Future research may answer this question. 


— are due Professor Robertson for his neat summary of hypotheses and 


é Se _ Nors.—This Symposium was published in September, 1945, Proceedings. Discussion on this Sym 
|B has appeared in Proceedings, as ee December, 1945, by C. A. Mockmore; February, 1946, a 
senph N. Bradley; March, 1946, by J. M. Robertson, and Fred W. Blaisdell; April, 1946, by John > 
own; May, 1946, by James W. ‘Ball, and Fred 1946, Carl E. Kindsvater, and E. R 
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phenomena connected with cavity were not included in the 
original paper. Thi This summary h has as served to > strengthen the effectivences of 


an ‘The question asked by Mr. Blaisdell cannot be answered at the | 
time. Whether pitting may result from the collapse of cavities out of contact 
with the pitted area is another question for the research laboratory. Eventu- 
ae a ally, if this question is answered in the negative (assuming g other advances i in 
the knowledge of cavitation), the designer will have a valuable tool for render- es 
of cavitation caused by flow curvature by assuming a ne fluid and swetving 
the methods of classical hydrodynamics. Situations where this procedure 
be followed, however, are a very small minority of those encountered in en- I 
‘ gineering practice; it still appears t to the \ writer that, in the large gpnecsnall 
of problems i in which cavitation results mainly from flow - curvature, p pressure 
_ reduction i is quantitatively unpredictable and its causes are obscured by the — 
_ complexities of three-dimensional flow. _ Professor McNown’s remarks on a 
a dimensionless approach to the cavitation problem, on the effect of air content, 
4 and on the use of the water tunnel have contributed materially to the value of 
the Symposium and are much appreciated. 
Professor Van Driest’s observation on the contribution of corrosive action 
pertinent. 5 Originally it was felt by humerous engineers that corrosion was 
Wy by the mechanism by which pitting occurred . All evidence now seems to indicate — 
that cavity collapse is the main destructive effect, with corrosion playing . 
ih small, usually negligible, part; however, this is not to deny that there may be . 
A an effect of corrosion since metals are known to fatigue more rapidly in the 
‘The writer is skeptical of the validity of Professor Van Driest’s ; conclusion 
aye concerning tension in a column of flowing water although he cannot offer con- 
elusive refutation. The evidence that there was tension in the liquid at the 


throat of the constriction is certainly circumstantial; a moving liquid column 


"(presumably containing dissolved air), sustaining tension f for the time implied 4 
by Professor Van Driest, is inconceivable to the writer. Furthermore, 
calculations offered by Professor Van Driest do not appear convine- 
ing. The writer suspects that a change in the flow picture has produced 
ries - change i in the value of Kz, which Professor Van Driest has assumed to be con- = 


tant if this i is the case, the calculations leading to tensions | of 770 lb per sq | ft 
and 118 Ib p per sq ft would bei in error, 


— 


Harrow,” Assoc. M. ASCE”*—The writer was was pleased with 
the many original idens, practical suggestions, and additional cavitation 
experiences presented in the discussions. They should add greatly to the 


ae Gee ua Professor Mockmore’ s suggestion that care in fabrication is just as im- 4 
portant as proper design has also been learned by the Corps of Engineers u 


=i 


Senior Hydr. Engr., Office of Chf. of Engrs., War Dept., Washington, D. C. 
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de not match within $i in. in some cases and had rt be qounl dush after the 
Messrs. Bradley and Kindsvater brought out the necessity for distinguish- 
ing between the cavitation due to a general lowering of the pressure gradient © i = 
in a conduit and that due to a localized reduction caused by a discontinuity — 
or sharp curvature i in the boundary. Mr. Bradley’ s ; example (Fig. 52) i 
ing that, in a straight | uniform conduit, cavitation can occur only in the roof | 


: the conduit because the bottom i is always under higher pressure than nthe 


The by Mr. Bradley for the -pressure gradient i in t the 
Page Dam (Washington) © by-pass tunnel is essentially the same as that used 
in the Norris Dam (Tennessee) sluices (Fig. 46). In each case, the esi 
<4 


the conduit.  Constrictions of the Norris. type have been built in 
of some of the dams recently constructed the Corps of Engineers. 


series of model tests is under way (1946) at the U.S 8. Waterways Experiment 
‘ Station i in 1 Vicksburg, Miss., to attempt to improve the : streamlining of on 


ermination of cavitation characteristics of “elliptical 


reply to Mr. Blaisdell’s about the practicability of baffle 

piers with the sides cut away to form a water | cushion, a model test of just 


such a baffle pier conducted in the vacuum tank at Carnegie Institute of 7 


Technology ‘in | Pittsburgh, Pa., in 1 connection with the Bluestone Dam (West 
Virginia) tests (Fig. 18) will be described. The baffle piers for this: test. were 


6 ft high and 5 ft wide, with a vertical upstream face and sloping downstream “ st 
as in 


to the width with a concave also” with +" ft 
a The piers were spaced on 8-ft centers and were staggered i in two. rows as in the | 


es tests. The following i is quoted from the report on these tests: tt elie 


SR Nite ‘The former [above] design was based on the assumption that th 
destructive effects of cavitation on the sides of the baffle could be eliminated 
by providing an area, or water pocket, for the formation of eddies in the 
region where cavitation would likely occur. The front of the bafile — 
: J designed in such a way as to direct the jet away from its sides, these being ex 
depressed to allow the water to feed in from behind and provide an area of 
_ positive pressure against them due to eddy formation. The behavior of Be. 
_ this design was as expected, no pockets occurring adjacent to the pier. — ‘The 
_ jet was deflected away from the sides of the baffle, and the resulting low oe 
_ pressure areas were confined to the water in between the baffles. — _ However, — 
- the effectiveness of this ‘side-pocket’ type of pier in energy dissipation was 
‘Rot as good as for the other types tested for Bluestone Dam.” ae fe, 
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Although in this case the ‘water baffles did not prove 
ad al be the best solution to the problem, the idea is basically sound and might 
. a prove more advantageous i in 1 another ¢ case. ‘There i is one practical objection to 
iat these baffles, ‘however—they « are structurally less rugged than the streamlined 
ee a type. The upstream side edges being sharp and ‘relatively thin would be 


trick 


pe" subject t to io damage by impact from heavy drift or ice. The streamlined baffles 
ee have no projecting ¢ corners and would be less subject to damage. On the other — 


hand, as stated by Mr. Blaisdell, the streamlined | baffles also | have a practical 4 
ye disadvantage in that the curved surfaces must be constructed more accurately. 
Concerning the remaining two questions raised by Mr. Blaisdell: The writer 
"4 ao does not know how the noise level of collapsing cavities is related to the »damage 


ae caused by them; nor does he know of any instance where the structure, as a 
as oe whole, failed because of the forces resulting from collapsing cavities. As 


stated in the writer’ ~ paper, sections of armor plating on the sides of the 
; oe Bonneville (Oregon) gate piers and on the sides of the Gatun (Panama Canal) ; 
-baffle piers were ripped off due to fluctuating ‘pressures possibly involving 
i ‘the action of cavitation. _ However, the structures in these instances are of 
 gueh. rugged construction that no tendency toward failure of the structures, as 
whole, has been noticed. Perhaps, in time, some such tendency may be 
observed. However, it j is possible that. the great ¥ width of these piers : and ‘the 
— steel reinforcement used in them may cause unit stresses resulting from 


ma fluctuating pressures to be quite low. It i is also possible that the _ 
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‘The writer appreciated the more complete. theoretical of 
vitation phenomenon and ‘the ‘model simulation thereof given by Professors 


ca 

and Van Driest, and he was grateful that these analyses 

‘Their discussions also brought to light many interesting physical 

characteristics of the cavitation phenomenon which those not well versed in 


physics would not realize existed and which should be useful to practicing 


hydraulic engineers in interpreting cavitation experiences. 


> 


The additional cavitation experiences cited by Messrs. and 


q Kindsvater should be helpful i in future hydraulic designs. 
There is one more comment on Professor Kindsva ter’ which 


( appears d desirable. In writing about the ‘Teliability of electric pressure cells 


measuring pressure f fluctuations i in the model of the Bull Shoals (Arkansas) 


as = sluice gate slots, Professor Kindsvater states that the cells “* * * gave incon- 


sistent ‘results, and these data were discarde .” This may appear contrary — 


ae oe to the statement i in the writer’s paper that satisfactory results can be obtained ; 


this method of “Measurement. However, the statements’ will: seem 
sae contradictory | when it i is explained that the writer’ 8s statement applies to grea 


ee ue fluctuations i in pressure such as were measured on ‘the sides of the baffle piers 


* applies to small pressure fluctuations | downstream from the gate slots i in the 


model of the Bull Shoals sluices. The pressure cells have been found unreliable 2 
in the Tower range. when ‘measuring rapidly fluctuating | pressures; and, as 


pate in the model of Bluestone Dam n whereas Professor Kindsvater’s statement a 
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result, further experimentation is is under r way (1946) at the ‘8. Waterways 
> 2 Experiment Station to determine the causes of this trouble and the remedies x 


~ for it, if possible. It is suspected that the presence of minute air bubbles in fe: 
the copper tubing leading from the piezometer openings to the cell may be the 
principal causes of the ‘difficulty. % ‘Apparently, the error is ; inappreciable with © 
great fluctuations in pressure; but, with small fluctuations, the results are quite — 
inconsistent Professor Kindsvater states. This leaves hydraulicians at 
oer (1946) with no reliable method of measuring ‘small fluctuations and ~ 
with the necessity of applying an arbitrary factor of safety t to urements 
oe Since the writing of the original papers of this Symposium (1944), severe 
iting, due to discovered in the outlet t works control | towers 
of Fort Peck Dam in Montana. The e outlet works c consist of three circular — Bee 
"tunnels 24 ft 8 in. in diameter and about a mile long with vertical | control oa 
shafts near the center. _ The discharge of each conduit is controlled by a 
Tie ante, 27 ft 7 in. in diameter and 8 ft 2 in. . high, 55 ft above the 
_ invert of the tunnel in the control shaft. The water rises vertically through — 


— 


a an annular ring 6 ft 6 ii in. wide concentric with, and 0 outside of, , the 28-f ft l-in. ~ an 

cireular shaft. then flows laterally through six rectangular | openings 8 

2 n. high and 7 ft 4 in. wide into the shaft; thence downward into a 24-ft 8-i <a 
— deflects the water horizontally into the ft 8- -in. 


a tunnel. — a The cy cylinder gate controls the six lateral openings and seats on a 
bottom of these The sides and top of these are lane 


| 


e opening is 6 ft 2 in. thick i in the 
nd 
of the’ openings the inside surfaces of ‘the ‘shaft in the vicinity of the 
openings are lined with semisteel armor plating. Severe pitting of these curved 
_ crests an and the shaft lining in the vicinity of the openings has occurred to “Sa 
Maximum depth of 13 in. The cylinder gates have been operated partly o open 
and wide open for extended periods under heads" up to 200 ‘ft (pool to invert 
of tunnel). In addition, the cylinder gates themselves have been damaged Byrd 
by vibration and | a section of the steel liner plating i in the 24-ft 8-in. elbow | age 
been torn out. Some of this damage may h have been caused by the closing 
of the air vents in ‘the control shaft, which was found necessary during winter < 
operation to prevent freezing of the spray in the shaft. Very little winter 
_ Operation is contemplated in the f future. _ If the foregoing conditions continue so 
. to exist, it may be necessary to work out a change i in design to remedy t them. 
Thus far, repairs shave been made in accordance with the original design 
_ The Corps of Engineers is constructing (1946) a large vacuum tank at the fics ; 
wv S. Waterways Experiment § Station, similar to the tank at Carnegie Institute 
Technology for the cavitation testing of various parts of flood 
structures, ‘The inside dimensions of the test chamber will be 8 ft long by 


41 ft high by 4 ft wide. test designed for testing 
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WARNOCK ON CAVITATION Discussions 
BE. M. ASCE. 18a Although | the Symposium papers 
ave stimulated a worthwhile budget of cavitation pitfalls to guide the efforts — 
of future designers, the writer is somewhat loath to see the discussion close. ; 
a ‘Hei is certain that, if every organization dealing with hydraulic structures and | 
ee machinery would ¢ open | its fi files, as the e authors of the Symposium papers have | 
‘ - done for their respective organizations, 2 a more + comprehensive list of examples 
of, cavitation damage could be contributed. — If this were done, the purpose of 1 
the Symposium (namely, that of allowing the profession. at large ‘to benefit 
a the experience of its individual members) would be more fully realized. a ; 
mi the many discussions submitted only y one is in need of direct reply and 
comment. The discussion by Mr. Abrams covers the writer’ s portion of the 
en very thoroughly, and it is unfortunate that much of his discussion | 
_is based on misconceptions on his part. He does not concede that cavitation - 
ean damage a concrete tunnel lining. ety of Mr. Abrams’ “comments : are 
- concerned. with the quality and placing of concrete and are not discussed | 7 
here because they have no place in this Symposium; and, also, the subject 
has been fully treated in other Publications. - Those dealing with the subject ; 
In his discussion of the Boulder Dam spillway tunnel, Mr . Abrams Leas 
photograph of a rope is not very Satisfying as scientific evidence 


‘ees *” of tunnel misalinement. Actually, the misalinement was carefully 


triking evidence than a contour drawing. ¥ Mr. Abrams’ statements regarding 


the misalinement of the tunnels have no ‘basis: ‘if the facts are considered. 


he Certainly, the entire lining could not shift after the damage occurred without — 
evidence of such | movement. Also, the misalinement indicated by! the 


‘Tope could not have been caused by erosion, since the black waterproofing w was ., 
still the surface of the concrete many places after the damage 


surveyed. The photograph, however, was submitted because it was a a; 


Mr. Abrams then states, ‘“‘An official report of the USBR published in 1938 : 


“stated that there was no misalinement i in the Boulder Dam spillway | tunnels.” 
Careful reading of the excerpt cl chosen by Mr. Abrams (78a) er? will show she 


he Boulder Dam is designed with | the expectation 


¥ 
0 of obtaining practically streamline flow in the lower tunnel sections where 
maximum velocities occur. Comprehensive specification provisions for 
; or : accuracy of alinement and rigid control of concrete manufacture and . 
“since ‘care was taken in designing the shapes of the 
i to eliminate negative pressures or vacuums, it is not | 
that erosion will occur due to cavitation. 


in these excerpts is it stated that ‘thee. was no of 
e tunnels. It is stated (78a) that, “specification provisions for accuracy | of — ay 


Chf., Laboratory, U. 8. of Reclamation, Denver, Colo. 
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alinement”’ were made and that “care was taken” in ese procedures 


8 we were followed, but in spite of the precautions, the misalinement still occurred. 
Abrams’ _understanding of -“eavitation’ ’ does not agree with the 
nd accepted definition. He quotes the writer’s statement: _ 


7 “Actually, the coat of black waterproofing and mineral deposit was intact 
les . | pod in many places, showing no effect of direct scouring sby the high-velocity 


of water above ane below eroded area.” 
fit d int erprets it to mean that cavitation could not | it occurred . Actually, 

an interpre y, . 
| this i is positive evidence that cavitation did occur. Pitting or erosion due to 
nd 7 -eavitation begins a short distance downstream from a source of low pressure—_ we 
she in this case, the n misalinement at the point shown by the rope. No measurable 
onl 7% erosion occurred above the misalinement; and this fact constitutes strong a 
evidence that, even with high-velocity flow, if changes in contour are not 
are fj present, there is no tendency for the high-velocity water to . erode the concrete. - a 
sed Mie. erty the shearing a action of the fluid — the boundary i 
ect 


concrete test blocks, using quotations from a USBR report (78) to. illustrate 
his ‘points. The tests selected by! Mr. Abrams to illustrate excessive ye concrete 
nce erosion are i impingement tests. ‘The jet of high-velocity water was pointed 
) directly at, or at a a sharp angle to the test block surface. These tests (78e)(78f) 
ore were run (quoting directly from the report)— 


ing order to determine the erosion produced by such 


| 
ed. tx severe conditions * * * tests at a jet angle of 45 degrees and 90 degrees 
out intentionally extreme or accelerative and have no direct 
the to the spillways. These tests are enlightening, however, in the 
resistance of the concrete to severe or abusive treatment.” 
jad ‘ Nowhere i in the Bo Boulder Dam tunnels i is the conerete subjected to direct « ex- ¥ 


R posure 1 to a jet of water traveling 175 ft per sec and i impinging at a.45° or i? 
angle. _ Flow in the Boulder tunnels is such that the streamlines are parallel, 
or nearly so, to the concrete surfaces. — Quoting again from the report (789), 


io was practically no evidence of wear ‘or erosion of the concrete 


on any plane or jointed surface subjected to the water jet at any velocity ve 


when the angle between the jet and the block was small.” 
‘Mr. Abrams refers to the test jet as “a scattered spray”’ ’ and then declares, a 


is not clear how a nozzle that discharged a scattered spray 4 i in.in diameter 
form a hole in the concrete * * Actually, the “scattered spray” — 


_ referred to by Mr. Abrams was a aiestanted jet of water emanating from a 7M 
the § 4 nozzle that tapered from 4 in. in inside diameter to 1 in. . in a length of 20 in. ee 
nos z _ The jet impinged on the sample 15 i in. from the nozzle with a velocity of ie ft iy i 
sec; yet Mr. Abrams calls this : a “mild type of erosion.” 
a 8 In two places Mr. Abrams calls attention to the results of tests on block 4 a 
A-2 and refers to a “hole 1-inch deep and 12 square inches at the bottom.’ 


Here he is ‘quoting a typographical error (78d) meant to read sq. in. ‘This 
have been clear, regardless of the omission of a diagonal 


938 
8.” 
ion 
ere 
for q 
ind . 
area of the hole to b id 
than 1 sq in. atthe bottom. 


In discussing ¢ the results of ‘tests on block F-1 Mr. Abrams completely diss 


Fegards the text the report which states (78): 


wear was except near the point of water exit from the 


ee see Figures 129 and 130. At those points, substantial cavitation occurred 
__- under jet velocity of 105 to 175 feet per second. The cavitation is attrib- 
a _ uted principally to outlet disturbances accompanying the sudden release of — 


‘These statements are substantiated by a photograph of the block taken : after. : 


; ia In connection with the foregoing discussion of cavitation and 
to note the relative location of the erosion that occurred | on 
Cas test blocks. Referring to tests with Jet angles of 90° the report ‘states (78e), 
‘reas had the shape of an annular ng appro oximately l-inch wide 
et a 2-inch i inside diameter circle * * *.’ Con ntrary to “Mr. . Abrams’ 


description, the jet was a solid stream of water about 1 in. in diameter r where i it 
impinged « on the test block : surface; ‘yet, , there vig gl erosion within the area 

ae of impingement or within a concentric circle > about 2 in. in diameter. . All the 
“measurable erosion occurred outside the 2-in. circle. on satisfactory explana- 
tion of this. phenomenon i is not readily apparent when one considers the known 


ey ~ facts concerning either erosion or cavitation. © Similar erosion has been experi- 


enced by others and no explanatory conclusions have been reached. _ Further 
zs experience and knowledge are needed to ‘fully understand this is type of “surface 


The ‘comparison of madd and prototype given by Mr. Abrams i is not valid 


because of his misinterpretation of the model data. Furthermore, the nature 
Ss of the damage to the prototype ¢ cannot be predicted from the model tests s since 
cavitation did not occur in the model. Cavitation in 1 the prototype was due 
to a local condition which did not exist in the model and was not expected to 
3 " exist in the prototype. — At velocities of about 175 ft per sec, under conditions 
2a approaching those in the prototype tunnel, there was no measurable damage to 
a the model test ; blocks. At velocities of about 150 ft per sec in the moun 
there was no damage to the tunnel except immediately below the ee 
Abrams concludes, this spillway, having failed to withstand 
eu ft" per sec for which it was designed. ad This statement is certainly a a ‘pessi- 
mistic forecast which is not by the facts. Model tests showed 
that the tunnel was indeed capable of discharging the design flood. | ay 


. a tion is the result of high-velocity ote and the maximum velocity for 200, ae 


sec, since the height of fall let both discharges i is the same. 


ee the tunnel has already been subjected to velocities which approach the 
, and the effects of high-velocity in tunnel where no imperfee- 
possibilit of cavitation occurring in ‘bow is reduc d in two ways 
ing greater r depth increases the pressure at the boundary; and 
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-= the ¢ greater centrifugal | force exerted by the g greater mass of w water i1 in passing ~ 
around the bend further increases: the pressure at the boundary. wins 
| * If the writer’s paper serves no other purpose than to encourage a more ste 
wary attitude toward the performance | of any hydraulic feature with respect 
— to possible cavitation damage, he will feel that a worthy purpose has" been 


"served. — ‘It is to be hoped that in the future various individuals will feel en- 


% sound by the candor of the Symposium authors to contribute their cavita- - 
tion experiences, especially when they are novel or unexpected, 
. __ Acknowledgment is is made to to Messrs. Bradley, Ball, and Locher for con- 
tributing additional examples erosion as the 


M. ASCE2*\—The response to the Symposium o on 

_ cavitation experiences has been very gratifying. Iti is clear that the difficulties 
by cavitation have been rather widespread, and are to ) be expected 
ag _The experiences reported in the incompleted conduits of Ross Dam (Seattle, _ 
Wash. ) by Mr. 1 Bradley and i d in the the temporary elbows at Grand Coulee Dam 
‘ - (Washington) by Mr. Ball are good examples of the way i in which cavitation 
a ean be prevented, both by raising the general pressure level and by surface 


j treatment tc to correct: local reductions pressure. These are 
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Ball’s notes on the beginning of cavitation damage in the Neva 
of f Boulder Dam 1 (Arizona-N levada) support the supposition that cavitation was 
“the caus e of the extensive damage i in the Arizona tunnel. ~ His | description | of oo a 
the progressive nature of cavitation damage, supported : as it is by direct evi- be 
"dence, is especially valuable and shows how an otherwise ir insignificant i irregu- . 


er of surface may | become a a menace to the s pred of an 1 entire str wructure. if AE 


occur ar whenever the is high ¢ ‘and general p pressure level 

is low. enough. — Tf, then, the cavitation results in- damage, the r resulting depres- — 
_ sion may be deep enough to cause still further damage; and from that point on ~ 

effects: are progressive and cumulative. For this reason, the writer wishes 

to endorse, heartily, Professor Kindsvater’s statement that structures such as. - = 
§ baffle piers that are subject to cavitation damage must not be depended on to _ ote 


Mr. | Blaisdell asks is related the cavitation mn damage. 


4 
4 indicate that the rate of damage i is related to the paces 2 level. = However, if a * 
higher n noise level indicates an increased intensity of cavitation, it would seem 
7 Teasonable to expect that it would also be aE s by an increased rate 


Senior Hydr. Engr., TVA, Laboratory, Norris T 
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discharging at high velocity His that - these flashes 
. ts ph are caused by differences in the refractive and reflective properties of the water 


to compression waves is probably correct. This hypothesis has been ad- 


path a vanced by Professor Kindsvater (84). Asimilar explanation for the appearance 
‘Tapidly moving light bands accompanying the e1 eruption of Paricutin volcano 
eS has been given by O. H. Gish (85). - The flashes ¢ are not necessarily the re result 4 
of compression ‘waves set up by | cavitation within the structure. In the case 


the sluices discharging on the apron at Cherokee and Hiwassee dams, the 


flashes hes appeared to originate i in the boundary « of the jet from the sluice. it 
ks se _ seems ms probable that cavitation existed in the vortices set up up at the sides of the 
aan i ae It is believed | that the sluices themselves were free from cavitation as they 
} cata “4 had been constructed after extensive model tests; and measurements on the 


prototype structure disclosed no regions of low y pressure. The existence of 
cavitation at the wma of a jet has been described by Mr. Locher in his 
aie: discussion of the jet pump. 
Professor McNown a advances. certain 1 analytical methods of studying | cavita- 7 
tion which undoubtedly merit. Tt Iti is suggested that such methods bet used 
considerable caution, however, ‘since mathematical predictions ba based 


may be found in the case he cites in which cavitation ata 
value of K = 1.8, although the vapor pressure of the water was not 


i 


Suggestions for further research are found in the various ‘discussions. 
‘Professors Robertson and Van Driest suggest that water may | be capable | of sup- 
Pe porting considerable tension while in motion, and that the formation of cavities J ae 
may thereby be affected materially. Professor Robertson’s assumption that 
tension is a function of time is. an interesting hypothesis but is subject to 
Cavities that appear downstream from the point of lowest pres- 
3, i's sure may be caused by the formation of vortices ina region of expanding flow. ~ ons 


This subject is certainly o open to further investigation. Professor Va an Driest’s 
observations appear to to indicate considerable t tension in the liquid at times when 
cavitation was observed. The existence of tension i is possible, of course, as 


a is known to exist, and can be measured, in liquids at rest. ‘His analysis does 
‘not show any definite relationship | between tension and the occurrence of 
ae tation. It may be of interest to note, however, that, within the limits referred. Bae 

by Professor McNown, most experimenters have found a good agreement | 

Be tween the occurrence of cavitation : and the approach of boundary pressures to Rs 

yP 

‘the vapor pressure of the liquid. should be. noted in this connection, a3 
pointed out by Professor Kindsvater, that measurements of fluctuating pressure 
bya manometer are subject to considerable damping because of the relatively. 
| ae, high frequency of the fluctuations and the large mass of the manometer fluid. as 
bibliography included | with the ‘Symposium was not intended to be 
complete. complete bibliography of papers on cavitation runs through many 


— 

Mr. Ball’s observati ight i : : 

ra 3 ation of flashes of light in the tailrace is of interest assuch — 

the 

4 

(8: 

ch 

— 

— 


- cavitation i is understood. The same is true of the manner in which cavitation 

causes damage. The subcommittee sincerely hopes that discussers of the a 
- posium will be able to devote some effort to the solution of these problems. — In 
the meantime, it is hoped that the Symposium has served to indicate 
ma exist when the ossibilit of ¢ cavit tio eglected. 


“Model Studies of Spillways,” Bulletin VI- Canyon Project 
Reports, Bureau of Reclamation, U 8. Dept. of the 
Denver, Colo., 1938, p. 173. (a) p. 185. (6) p. p. 9. Pp. 
A p. 170. (f) p. 177. (g) p. 169. 
(83) ‘ ‘Performance of TVA Structures Studied,” by George H. Civil 
October, 1945, p. 467. 
Ibid., December, 1945, 5. 
April, 1946, p.178, = 
Transactions: In 1945, Proceedings, on page 1066, 
change the heading “Bibliography” to read “Literature to agree with 


999. See also December, 1945, Proceedings, page 1571. 
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THE SAFETY OF STRUCTURES 


ALrRED M. M. FREUDENTHAL, 45 Assoc. M. ASCE. 45a_ 


have ave been. handicapped by the brevity of the published "version, which is a 
—_ artime, paper-saving condensation of a considerably longer manuscript, that 


: es most severely, whereas not much condensation was possible in Part 1, the gen- 


forward the claim that the theory of probability | and statistical methods 


that: of the safety of structures. — Actually, the purpose of the p paper was to 
a _ draw attention to the fact that, by the application of the theory of probability 
“ (probably the most efficient tool of modern scientific thought) the concept of 


_  ~—_—__—s safety can be rationalized, and to develop a method for the evaluation of the © 


; 


“@ successful application of the method depends on the extent and reliability of of 


«a will always be present, requiring aniesaa on a level beyond that of statistical 


# Lecturer in Bridge Eng., Hebrew Inst. of Tech., Haifay Palestine, 


] 
“S been filed for reference in the Engineering Societies Library in New w York, + 


“a Part 2, dealing w with “ Analysis of Particular Influences” has been cut 

F ’ ee eral and mathematical treatment. The re: result has been a slight distortion of 
perspective by the emphasis on the statistical and aspects of the 
ae nd # The impression appears to have been created that the writer had tried to 4: 


‘ could be expected to provide the ‘ ‘perfect : answer” to a problem | as complex as 


ee at _ the evidence, but that a certain ‘ “residue” of unknown and subjective factors ue 


Bis ts safety factor on the basis of the av railable objective evidence instead a 
ee the usual p pr rocedure of arbitrary selection. Not only i is it evident that the 4 


_ inference and prediction from the objective analysis o ofrecorded Past e: experience. 
rationally unpredictable ‘ ‘residue” can be isolated by a rational analysis 4 
Of all ll statistically predictable i influences. Reliable data for this analysis, how- 4 
4 
ever, can only be obtained by following Mr. Hirschthal’ 8 call “research and 
Norz.—This poner by Alfred Freudenthal was published in October, 1945, Proceedings. ‘Discus 
' Sia a sion on this paper has appeared in Proceedings, as follows: January, 1946, by ¥. H. Frankland, and Elliott Ay 
1) «iB. Roberts; February, 1946, by A. G. Pugsley, and Lynn Perry; April, 1946, by Nomer Gray; and June, eS ; 
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‘February, FREUDENTHAL ON SAFETY FACTORS 
his thoughtful comments, Mr. Frankland has valeod the important point 
a a the effect on the safety of structures of the distribution of elastic stresses 
through inelastic behavior. ‘There i is no doubt that ‘some of the generally 
accepted underlying concepts of structural design are inadequate.” It is sreally 
paradoxical that one’s ability to analyze structures should depend on the as- . : 
_ sumption that structures are perfectly elastic, whereas the only real safeguard hee 
insuring g satisfactory performance i in service is the extent to which structures are 
inelastic. This inelastic behavior, by producing a certain redistribution of 
stresses, necessarily affects the safety. However, by devising an an appropriate 
- Gmechaniem of resistance” and establishing its range of uncertainty, that effect — 
Py can easily be considered i in the evaluation of the safety factor, = | 
 Itis too frequently forgotten, however, that the resistance mechanism essen- 
tially” depends o on the rate of application of stress. This i is shown by the varia- a ag 


of the stress- concrete ete (Fig. 10(a)) and of steel 


Low st Strain Rate 


bad 


ATE OF DBFORMATION ON | ORMABILITY 
Tr 


E 


10(0)). The structural member or connection ‘in a st steel frame which 
accommodates itself to slowly applied overstress by plastic redistribution of 

elastic peak stresses may fail without redistribution by cracking in a brittle a 
manner if the same stresses are applied rapidly. This fact alone would con- nee 
_tradict Mr. Frankland’s assumption that theory of limit. design will 
explain: the capacity of a structural material to occasional overstrain 
without damage to the ultimate endurance limit * theory which, 


under the name of “Classical Theory of Plasticity™* been studied very 
- pacesding in prewar Europe since the late 1920’s, is certainly not applicable ae 
to conditions of repeated, rapidly ‘moving loads which are implied i in the term ot 
“endurance limit”; it has been applied, in general, to structures subjected to 
steady or to slowly moving loads only. However, even for this type of load 
3 "values of the resistance or the carrying capacity are obtained which might es 
ss considered theoretical extremes never attainable i in practice. The real values 
should be somewhere between that extreme and the minimum value, defined ~ 2 
y the State of elastic stress immediately preceding the occurrence of the first — 


; Such a concept i is borne ee 


and Final Reports, 2d Coe. of the International As Assn. and om. 
lin, 1936, question 
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if 
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sions 

bey have led to the replacement of the rather crude “ ‘classical” concept of plastic 


redistribution of stress by the so-called “New Theory of Plasticity.” 


_ According to the classical theory of plasticity, the upper resistance limit 0 of 


* distribution. The lower limit i is reached when n the e extreme fiber stress of the 
triangular (elastic) stress distribution attains the yield limit Since the 
scarcity of the available experimental evidence does not. justify a statistical 
a interpretation of the results, this is an example of the > midpoint value between — 
known extremes, | being the most reasonable tentative assumption for the design — 
ee. value; and this value is subject. to fluctuations within the range delimited by 
: the extremes. s. Let S denote the elastic section modulus; T, the plastic se section | 


modulus (which is the sum of the static moments of the section elements about 


neutral the design value of the the resisting mo can be as 


a 34 is subject to to fluctuations within a range of 4 — §)]. 
: om See As the resisting 1 moment of an individual section is subject to chance fluctua- 

i 4 — within the foregoing range, the range of fluctuations of the carrying ‘ 
Wz. ‘eapacity of an n-fold statically in indeter- 
minate girder, being a function of the 
resisting moments of its n + 1 critical 4 

sections, increases with an i increasing 


assumptions of the elastic theory can be expressed b by ‘ 


in which S,, the section modulus at the point of load | application 


_—varies be' between 0 0 for the freely supported central span and 2.0 for a 
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‘seats is reached with the formation of three | (that i is, ” - > 1) plastic hinges 
r the supports. and at the ‘midspan of the. central, span. Therefore, it i is 
independent of and can be expressed by 


- 4(Tm + Te) by 


4 


a 


a 


20 Modified Theory of Plasticity 


= 


‘The mechanism of resistance of 
girder defined by the “design” 
P is subject to fluctuations 
between the extremes within a 


specific range of + 


0 ‘the capacity 
= 1 el 3 


Comparison of Eq. 42 with the results of tests performed by F. 
Gr Kollbrunner and Meier-Leibnita® has been presented in. ‘Fig. 


experimental values : are scattered within a comparatively narrow 


“Beitrag gum by! F. a F. Kollbrunner, Berlin, 
Vol. 13, p. 264. ol 


Relations in Girders Centianses Three ame, H. Meler-Latbnite, Final ad Cong. 
f the and Structural Eng., 1936, p. 70. 
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cal a which T'm a ulus at the midspan of the ### 
en ntral span and over the supports, respecti th constant 

the mean of the elastic and the | 

—. Theory of Limit Desi 
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The foregoing example that a a on of 


erfect elasticity i is frequently inadequate; it also : shows that a design based on 


a somewhat crude concept of plastic behavior, as as ‘expressed by the classical 
‘oe of limit design, may be less adequate. , However, the real, rather com- 
plex behavior can be fairly well approximated by a ‘simple assumption. 
8 erves to support the writer’s assertion (see heading, “Part ~ Analysis of 


it is hardly possible to conc conceive such a mechanism [of 
oo that will effectively reproduce the actual phenomenon and which is at the 
cae same time simple enough to be suitable for practical design. Every devised 
mechanism, therefore, is fictitious to a certain degree * * * Its suitability | 
is to be judged by the simplicity of the concept, by the closeness with which | 
- experimental results are reproduced, and by the narrowness of the range of 
dispersion of such results about the ‘theoretical’ course.” “Ht 


The writer regrets (certainly not less than Lt.- -Comdr. Elliott B. Roberts) the 


be 7 re lack of a discussion of earthquake factors, and he agrees fully with the assertion — 
that although ‘Evaluation of the [earthquake] risk in a specific location may 
ae a introduce a delicate problem; it should never be ignored completely.” A short 


comment. on the principal aspects of this. problem i is included in the complete 


‘si Although it is true that “ “no one could ‘safely | state that any place is per 

a -fectly free from the danger of destructive earthquakes,” the frequency of oc- 

Snes of ‘seismic | forces a at one location i is hardly of an order of magnitude 
a ~ comparable: to that of the occurrence of pr primary ‘design loads (service loads or 

impact) and of secondary effects (wind or temperature changes). Even in the 

principal seismic areas of the world, earthquake shocks rather less fre- 


quently than maximum loads or extreme wind velocities. Therefore, their 


effects should be considered on the same as those extreme 


= 


‘si 2 > 


| for for introducing even a small 


4 hs seismic acceleration force as “design: value.” 
There i is even less | justification for considering 
the stresses n the structure re by ace 

to the stresses by the service compare 
‘them with the conventional values of permissible stresses. 
aS _ A procedure recommended for use in the design for seismic forces can be | 
illustrated by reference to the portal frame shown in Fig. 13, which ‘represents — 


the pier of a viaduct. Both the forces on the structure and the 
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February, 19 1947 FREUDENTHAL ON SAFETY FACTORS” 


at its top corner. — Tf it i is assumed that (a) the extreme _ force Py exceeds” 
the “design” W. by 100%, (6) the maximum seismic force Pz i is of the 
_ order of magnitude of the design wind force, and (c) the maximum range of 
fluctuations in the resistance value s, is As, = 0. 2 so, then the corners « the 
4 portal bracing strut should be proportioned f for the bending moment M = 
with a safety factor (see Eqgs. 5 and 18): pd Seiad 


Kg. 48 | provides for the stresses occasionally —_ by seismic forces of the 


assumed magnitude. If earthquake effects were not considered in the design, — 
the strut would be proportioned for the same bending moment but with a — 


‘From = 2.5. For) the strut under consideration a 17% re- 


duction in the aia stress, therefore, would be sufficient to provide for 
the effects of an earthquake force of the magnitude of the design-wind B 
this the tends to intensify tl the effect of 


acceleration forces (= 0.1 g) are to those of vertical 

loads and of secondary influences—undoubtedly provides: an excessive safety 
Teserve. Nevertheless, the acceleration to be used in the proposed procedure 

"may possibly have. to exceed 0. 10g since it should reproduce extreme 

4 quake effects. Only very careful and extensive statistically interpretable ob- es a 

servations, and analysis of seismic vibrations both of the ground and of struc- 
tures, can ‘provide | a reply to this last t question. 

A Designers of aircraft structures operate with the aid of a considerably 1 aii fies _ 

advanced concept of safety than is generally applied in civil engineering. This = aa 
fact i is shown clearly by Professor Pugsley’s s stimulating comments; and it is. aye 
not surprising, since in aircraft design : any reduction in the weight of structural od 4 hi 
material which may result from an advanced approach to the problem of safety — 
will i improve the performance ¢ of the aircraft and effect a direct saving i in 1the 


‘3 Efficiency and economy are of such immediate concern to the air transport — m 
‘industry @ as to justify unusually large ‘appropriations. for research , particularly — 

‘in wartime. _ The principal object of such research must be to evaluate the 

“qumulative fatigue effects of repeated stress cycles of varying 


Telation to. the capacity of the material: to sustain “damage 
(ee heading, ‘ “Part 2. 
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excellent papers Professor and have ‘this difficult 
~ problem thoroughly and have presented important results. It appears, how- 
ever, that even in the aeronautical field the results from experiment and 
observation are 1 rather erratic, the correlation between the principal factors 
Bs far from satisfactory. ~ What i is probably needed is not only research on a 

e, but an entirely new approach to the of fatigue. The 


tical character of as an expression, on a scale, of the pro- 
gressive destruction of cohesive bonds. ~ Fatigue is the result of the repetitive © 
na Powe of an external load and has the typical features of a mass | phenomenon, - 
a both the cohesive bonds and the loa repetitions being collectives in a statistical | 
sense. By combining the probabilities of bond destruction for various 
plitudes and numbers of stress cycles. the cumulative damage effect ‘can be 
evaluated and predicted. 
oe The distinction between ‘ ‘absolute’ ’ and “economic” safety a admittedly 4 
presents: a “very delicate problem; and it is evident that the approach to this 
problem v will be affected by ™ character of the structure and the seriousness of — 
consequences of failure. For ‘military aircraft Professor Pugsley’ recom- 
mendation that strength biome should be chosen so that ‘ ‘structural accident — 
i eo shall be as small as possible consistent with efficient production and opera- 
tion” is ‘probably adequate. Civil engineering structures, on the other hand, 
e-%, must be designed sufficiently safe to make the chance of one single occurrence 
(ofa critical or of an undesirable condition negligible. It should be recognized, 
however, that “absolute” is unattainable and that the admission of 
of fa 
ale differs from the established meaning of ‘ ‘specific deformation” the in- 
ae telligibility of the paper s should have ‘suffered—a remark made by both Mr. 
4 _ Perry and Mr. Gray. In favor of such use the writer would like to point out — 
BS es that, in contrast with other languages (French c or German), the English technical 
aes language lacks a term expressing the general effect produced in a structure by 
ae other influences (French: Effort and sollicitation; German: Beanspru-— 
oe and chung). The common use of the word “stress” in this general se sense is still — 
more confusing than the writer’s use of ‘ ‘strain’; “stress” "is an abstract concept 
_ implying the action of a mechanical force per unit area, whereas ‘ ‘strain,’ > even : 
Ls in the established meaning, is the observable effect on the structure, or part of 
EE. ae it, of influences which are not necessarily forces. Direct correlation between — 
Sa of influences ch are ecessarily forces orrelation 
ios strain and failure has been established reliably. Although fracture does not 
: a unless some strain is present, the action of a force is not essential. | Fur 
a thermore, t the meaning 0 of the word “ “strain” "in nontechnical language repre- 


sents, very well, , the 1 meaning proposed by the writer. 


‘ 
81‘*Modern Experimental Work on Aeroplane Structures,” by A. G. Journal, Royal Aero- 


__ & “Specification of Loading Conditions for Strength Tests = Aeroplane Structures, A. _G. x 
we 


a 


The Statistical Aspect of Fatigue,” by A. M. Freudenthal, Pressedings, Re a 
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-FREUDENTHAL | oN ‘SAFETY FACTORS 
of Mr. Perry’s on on the fundamental difference between the 


— aspect of structural safety prevailing in the United States and in prewar Europe © o be 
are very much to the point. _ This difference i is the result not only of the sub- 

; stantial difference in the ratio of the cost of material and labor but also of the a 4 
a relative i importance of standardization of production and organization of work a 
ina country the size of the United States. The implication is ‘unjustified, how- , as 

_ ever, that because of the comparatively low cost of materials there is no need a 

to rationsliso the fundamentals of design and that the ‘ “experienced designing 

engineer” can an be relied up upon to provide all the answers by pure intuition. Such 

a an approach to engineering denies the value of research as an instrument of or 


oll 


_ progress and leads logically t to “trial and error” ’ as the only method of making 7 i : 
al “engineering progress, and ‘ ‘apprenticeship” as the only appropriate system of 
be Although it may be perfectly obvious that ‘ can by decreas- 
-~ “ing the load or by increasing the allowable unit stress” this statement con- +a) be 
lly _ tributes nothing toward the rational appraisal c of the effect. of load reduction or 
his ofa a unit stress increase on the real v value of the e safety factor. . Nine out of ten 
of “experienced designing engineers” will not be able correctly to evaluate this 
m- § effect; nor will they be able to justify, by ‘rational argument, a definite nu-— 
nt “merical value for the safety factor. The engineer’s client is generally the least 
ra- - qualified person to ) specify the loading and the allowable stresses. To — 
ad, “the actual loads to be carried by the structure at present and expected i in the — 
ice | future i is the best he can be expected to do; but he generally lacks the knowledge _ 
ed, "necessary to translate these data into a workable loading specification and to 
select, the rational safety factor pertaining to this specification. om 
cal | ‘Failures of well- designed s structures have almost never been caused by simple 
“a overloading except i in cases of gross ‘neglect. have mostly ‘resulted from 
nse “too much reliance on the past experience of the designer, and on his failure to fs e 
in- J} recognize the emergence of new factorsin the design 
vir. . The ¢ ‘crash of a a truck into an end post. of a bridge, or of a | ship’s s ‘mast into a 4 
out truss chord of a bridge, ‘should be prevented by the specification of adequate “ars 
ical width of curbs and of ample clearances; it has nothing to do with the factor of == 
by structural safety, not even in “academic discussion.” 
Although it should provide an adequate leeway for the guidance of a v very 
till Fe careful designer, the writer’s proposal to provide for a 10% fluctuation of dead Mack ay 
ept load i is tentative, 2 and does not appear to be as ample as Mr. Perry assumes. — are 
ven §@ It is ; significant in this connection that the dead load of ‘the original Quebec ph 
t of _ Bridge, computed after its collapse, exceeded the design load by some 20% to A 
An investigation conducted | during the erection of a 48-story building®* 
not on eight of its main columns furnished the following ratios between the observed oe 
dead load stresses and those computed on the basis of the completed drawings: 


. 1.20, 1.31, 1.23, 1.29, 1. 97, 1. 26, 1.22, and 1. 30—an average of 1.26. Bae i) 


“Structural by G. F. Swain, McGraw-Hill Book Co., Inc., New York, N. Y., Ist 
56 “Dead Load Stresses in the Columns of Tall ulletin No. 40, Eng. Experimental Station, 
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The fact that structures designed for a wind load of 30 lb per sq ft have 
or | satisfactory service it is hardly surprising, since such a wind load represents 
_ the pressure exerted by a storm of the infrequent velocity of about 85 miles pe per 
value is derived from the known formula, 


cusser 
instan 

concel 


_ in which V denotes the wind velocity in miles per hour and c is an empirical ff} be no 
factor of shape, which for structural shapes varies between 1.; 1.3 and 1.9.97 eeptio 


Wind velocities fluctuate within a wide range; wind records taken at a | the fr 
 - of stations at New York, N. Y.,5 * reporting maximum velocities and { streng 
_ covering several years, show th that not more than one observation out of every ff narrov 


ten: recorded velocities i in excess of 46 miles per hr at about 500 ft above ground narrov 

level and 65 miles per hr at 1,250 ft above ground level. . The maximum ve- Mi vistios 

E aoa at these heights were 71 miles per hr and 102 miles per hr, respectively. consist 
cae ‘design load of 20 Ib per sq ft corresponding. to a wind velocity of 60 miles 
per hr should be more than adequate under normal climatic conditions. An 


: ‘: ei increase to as much as 40 Ib per sq ft (V = 100 miles per hr) would 
.— ve to be covered by the safety factor. Such reduction of the design wind 
load would not controvert the fact that a number of serious accidents have 


ail as a result of wind action (Tacoma-Narrows Bridge i in the State of 


and Chester Bridge in Chester, Til.). These accidents were not 
caused by excessive wind load but by the failure to 0 provide adequately for the ue s0 


accompanying dynamic effects, and for uplift. 


The lack o of uniformity i in the properties of st structural materials i is an impor- 
a. source of fluctuation of structural resistance. For steel, the | range of 
— inherent in the individual manufacturing ~ process is further in- 


distrib 
wire t¢ 
formit 
careful 
reduct: 


the rolling, and they differ for different shapes and thicknesses. ‘The fre- 
- quency ‘distributions drawn in Fig. 3 represent the yield lintit and tensile 
strength of an alloy steel in which all those sources of nonhomogeneity have 
geomet 
been present. Nevertheless, the fluctuations: are enclosed within a range of The ve 
ea Eos ca from 15% to 20% above and below tl the mean value. a Even for concrete pro- 
lirectl 
50 Bt duced on the site, the manufacturing f process of which is considerably less con- hs ree 
ie trolled than that of steel, the range of fluctuation of the compressive strength Bs, 
about its modal value seldom exceeds + 35%. This i is shown i in Fig. 14) which 
“represents the results of an investigation involving more than 1,000 samples.” 


‘It is interesting to ) compare tl the foregoing value (+ 35%) with the range of i 


@ 

conside 
str 


ee: fluctuation of the c compressive . strength of concrete manufactured under labora- Ba 


tom 
tory conditions which, normally, does not exceed + 15%. 


8 ‘*Wind Pressure on Structures,” by G. E. Howe, Civil Engineering, March, 1940, pp. 149- 152. ae 


§8**Wind Forces on & Tall Building,” by Charles Transactions ASCE, Vol. 105, 1940, 


Ibid., Vol. 96, 1982, pp. 1367-1371. 
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FETY FACTORS 


‘The heartily endorses Mr. Gray’s comments.® The lack of interest 
in fundamentals among engineers is really surprising. ‘The number of dis-— 
cussers of a paper concerned with methods of elastic stress calculation, for — 


instance, is generally ; a ‘multip ple of those taking part i in the discussion of | paper 


concerned with basic principles; 


_ With regard to the safety of main ‘cables: of semen bridges there can 


be no doubt that here is a _ structural element which probably requires : an ex: 7 


the fr ‘distribution of the 
‘Darrow, that of the cable is still 
narrower, since e the standard de- 
vation of the strength of a cable 


consisting of m wires would be 5 § 3.0 


the loading is also exceptionally 14.—Frequencr Disrasvrion oF THE Cri- 
it ‘INDER Srrenetu or ConcrRETE (MopAL STRENGTH Ap- 
mau, Lowever, 1€ wri er is PROXIMATELY 3,600 LB PER Sq In.) | 


not so sure about the reliability 
of the computed stress, , particularly with regard to . the uniformity of “the ee 
distribution of stress over the individual wires. | Since the capacity of the hard 
rire tos secure inelastic relief of local overstress is rather small, the initial uni- 
formity « of stress distribution appears to be the principal question that needs 
careful study before designers can undertake the probably justified sul substantial 
reduction. of the safety factor for suspension bridge cables. 
_ Mr. Nelidov comments on the difference in the treatment of homogeneous . 
and nonhomogeneous states of stress. This:i is a rather complex problem wv which, 
in most engineering applications, i is best solved by the introduction of an -ade- 
quate “ ‘mechanism of resistance’’; this mechanism is an empiric function of the 
geometrical dimensions and the observable elementary physical “properties. 
The variability of the resistance which determines the safety factor can be either Pr ys 
tirectly evaluated from test results or computed by applying Eqs. 16 or 18 to” wm 
the results of tests concerned with the observation of the constituent properties. oS ae 
_ In a more scientific approach to this problem the probability of failure at eee : 
every point of the stress field could be expressed as a function of the coordinates, 
considering both the v variable stress intensity and the frequency distribution of > ae 
the estrength an n element. This approach leads to involved statistical 


§ The essential difference between both approaches can be lustrated con- 


. "¢ The remarks of both Mr. Perry and Mr. Gray concerning Eqs. 6a and 6b result from a a regrettable _ 
Dnt on the left side of the equations — should read 8 and @r, respectively, instead of ¢ (see June, — 
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FREUDENTHAL ON SAFETY FACTORS 


at > q sistance mechanism” of the section expresses the resisting moment i in terms of 


an tion being that failure is always initiated in the extreme fiber ‘of the section, 
ie n contrast to this assumption, in the the strict ‘statistical approach, a ‘definite 
“ probability of failure in relation to the distance from the neutral axis and to 

_ the: fluctuation of strength is attributed to every wire of the section. - Fracture 

a may thus start in any individual wire, whatever its stress, if its, actual strength 

is low enough. The resulting frequency distribution of sectional resistance is 

used to evaluate the safety factor of the entire section, = = 
maT x The importance of a breadth of vision in predicting future developments, 
particularly with regard to the weight of railroad traffic is rightly stressed by 
Mr. Hirschthal. There i is no other type of structure for th the economic design 


of which the adequate appraisal: ‘of such development i is as as essential as as for the 


“i ‘the’ design; therefore, ‘rational analysis a and ind evaluation of the initial safety factor 
loses much ofits practical value. 
of design stress cycles, to which Mr. Hirschthal 


writer greatly appreciates ‘comments 


of those who have discussed the paper and wishes to « convey to them his thanks 


Corrections for Transactions: In October, 1945 Proceedings, page 1162, in 
Eq. 6a, change “‘f” to “s,” and in Eq. 6b, change “‘f”’ to “s,”; in Eq. 17 change 
“OX,” to “Az,”; and in Eq. 32 change ‘ «34, to ad in two places and “3,” to 
— in one place. In February, 194 1946, Proceedings, on page 253, change the 
‘sentence beginning with line 32 to read: “With Eqs. 6a and 6b, the author con- 
putes the maximum strain and the lowest value. of the structure’s resistance 
using equations containing arbitrary constants. In \ principle, 1 this i is no differ- 


ent from ct current practice.” In April, 1946, Proceedings, on page 560, delete 


the two sentences in lines 28 to 31, inclusive. Other errata were in 


J une, 1946, page 888; in 1946, Pr 
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is} TORSION IN STEEL SPAN 


a 


hal E. LorHers,” M. ASCE. The able discussion of this p paper has been 
no mean contribution to ‘structural engineering literature and its courteous 
ally flavor has been 1 most flattering an and gratifying. _ The paper i itself was an attempt . 
1 of to present a more or less simple method for computing torsional shear in steel 
es - spandrel girders. (4 The discussion was a masterful job of providing details and 
nts _ embellishments, calling attention to shortcomings and exceptions, and — 
nks ‘= the mitigating effects of fireproofing and other factors encountered in prac- 7 
| tice. In his closing discussion the writer can do little else, aside from expressing _ 
his appreciation to these accomplished writers, than to with most of the 

Professor Fiesenheiser i is of course, in stating that a riveted 


connection would not suffice e at joint. B, Figs. 7 and 8. He gives com- 
Pix; - plete demonstration of the application of Prof. J. Charles F Rathbun’s method « of 


on correcting for connection restraint to torsional analysis. In his introductory 
_ remarks Professor Fiesenheiser mentions that the ratio Z of the angle of rotation 


Oy of the end connection. to the moment M producing it is determined by test. 
ate ‘The constant Z may be computed and the writer hopes to have equations he 
that purpose published. — _ It can be demonstrated, for example, that the small 


= 
connection mentioned by Professor Fiesenheiser n may be subjected to a moment 


: of 5 1780 i in.-lb without exceeding the allowable bending stress | of 20,000 Ib per pe 


sq in. in the outstanding legs. This condition would seer seem to refute ‘Professor — 
‘Gant’s ¢ contention that a ‘standard riveted connection would ‘not develop 
| se Eq. 17 (Professor Gant) for correcting for the effects of d deflection and Eqs. 
“18 to 29 (Professor Hoffman), inclusive, illustrating the application of the 
¥ - calculus of finite differences to the torsion problem are gratefully acknowledged. 
— 
.—This paper by J. E. Lothers was published in March, 1946, Proceedings. 
has appeared in Proceedings, as follows: June, by John E. Goldberg, and I, 
‘a : 1946, by Robert V. Hauer; and November, 1946, by E. I “iesenheiser, Edward V. Gant, Oscar ‘Hoffman, a 
x: Prof. of Architecture, School of Azshitestare, Okishoms Agri. College, Stil r, 
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LOTHERS ON SPANDREL GIRDERS Discussions 
los _ Professor Ferguson calls attention to the modifying effects of the enveloping 
e concrete slab and fireproofing. — Since a steel beam without fireproofing is rarely é 
found in important steel construction, his discussion is very pertinent. oa The 
writer “laid himself ¢ open ” when he specified concrete fireproofing in Example 3. 
ie so doing, however, he was endeavoring to arrive at practical and readily 
_ computed loads, and the stiffening e effects of the resulting composite beams and | 
were neglected for the | e purpose of simplicity i in demonstrating the | 


wes scr Ferguson also called attention to the fact that Eq. 120 is not 
‘mathematically correct and stated that t the practical difference is not important. 


Mae = X (FEM)as 
‘The derivation 1 of Eq. 31 was demonstrated i in the oral presentation of the paper 
before the Oklahoma Section at Tulsa on n April 28, 1945. 3 _ Undoubtedly, the 
 dtjeiien (indicated in Professor Ferguson’s Ss discussion) should have been in in- 
a ~ eluded in the published version. It will be noted, however, that Kq. 12c was 
given for a condition of end fixity that was the average of the conditions covered 
" i Kgs. 12a and 12b. _ To have averaged Kgs. 12 and 31 would have led to an 
awkward form for Eq. I. 12¢ that would not have been justified i in view of the 


whe rough assumptions of end fixity for the three cases covered by Kgs. 12, 


Ae] As Professor Ferguson has stated, Sr is very small as compared with Sp; and, 

Pa eo accordingly, the coefficient of S7 in the denominator of Eq. 31 may be changed 
a rom 4 to 3 without affecting slide rule computations. — Eq. 126 results if this 


Line ¢ 
as - Corrections for Transactions: Errata were published in October, 1946, Pro- 
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NEW PROJECT FOR STABILIZING 
DEEPENING LOWER MISSISSIPPI RIVER 


Wi With Tegard to Mr. Okey’ 8 arresting y reference to a paper by the. late Maj. 
3 G. . Dabney (to whose memory a handsome granite 1 marker has been erected _ By 
at the head of the Yazoo B Basin levee), it may be stated that, although this = 
particular - paper has not come to light either at Vicksburg (Miss.) or Clarks- 
dale (Miss.), the desirability and eventual necessity for more or less csnasiatis, | 
_ stabilization of the banks of the lower Mississippi have been voiced by various = 
writings of Major Dabney both p prior and subsequent to 1911, and also, from ng 
time to time, by others. The very considerable sum of money and the large — 4 

4 


> 


“plant investment involved in such an,undertaking, the necessity of accom- 


-plishing the work at a fairly rapid tempo, and the apparently more urgent need | BSS tn 


for other types of work have, in the past, inhibited | anything beyond adele Epo 
consideration of such a project. Authorization of the present undertaking 

Was made possible largely through the efforts of Maj.-Gen. Max C. Tyler, Mie 
ASCE, who was president of the Mississippi F River Commission between 1939 


Witl ith reference to to the question of t the direct effect of bank stabilization 
upon actual depths ¢ over the crossing bars without low dikes ‘to direct low- 4 
flow, it may be remarked that Mr. Okey’s observations are borne out 
the model studies made at the Waterways Experiment Station at Vicksburg. 
ih all cases the model river bed low wered when completely stabilized. In \some 
cases, the resultant actual low-water depths. over the crossing bars increased ; 3; 
in others 1 the bed and water surface were lowered i in practically equal r measure. 


Tt seems certain that at. many points dredging - must continue even after sta- 


Nors.—This paper by Charles Senour was published in February, 1946, Proceedings. ‘Discussion on 

this paper has appeared in Proceedings, as follows: w. and 
_ and November, 1946, by Gerard H. Matthes, ? 
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— but, it s hoped, v with greatly improved results in navigable dep ths 


As Mr. “Newhouse states in the preamble to his interesting | analysis, the 


necessity for bank stabilization can be deduced from basic theory. _ It is not 
ee years past, at least— —engineers have cherished the 
hope ‘that construction of levees could solve the meander problem. Mr. 


New yhouse mentions that the shape of a river channel depends u upon two factors 


\ x ay only—the slope, and the character of | the soil through which the river flows— 
Bas: ae that slope depends only uy upon the fall from source to mouth and the length 
ae of the stream’s course between those points. So inextricably interrelated are 


the factors that govern } river Tegimen, that, although t the shape of the > channel 
does indeed depend upon! slope and soil characteristics of bed and banks, 
large degree, the slope, itself (at least with respect to quite long reaches of the 
stream), is determined by the soil characteristics of bed and banks, tough ma materi- 
= als apparently conducing to flat, and ‘sandy materials to steeper, slopes. 


ae Mr. Newhouse also stresses a very important point in his comment : as to 
the extent of the cross section Tevetted | upon the Mississippi River, | and the 


M ade ‘possibilities of trouble inherent i in revetment of the banks alone. | Iti is true e that, 
a Ay with only the banks protected, , the river bed will generally scour at the ‘outer: 


ve edge of the revetment. 2 On the Mississippi River the revetment is normally 


i: uk bu ilt to the toe of the bank’s slope and beyond the toe a distance sufficient to 

= Sy "permit it to follow down as deepening occurs. The assumption i is ; made, for 

a _ purposes of design, that the ultimate depth attained will approximate the max- ey 

depth observed elsewhere in the general vicinity where bank recession 


ye not in progress. The revetment i is articulated and so is ; flexible; it has con- 
‘siderable in tension. virtue of these characteristics it is able, in 


tae justment takes place by a gradual cai out of sand from ienieth the mat- 


tress, the latter accommodates itself to the change without much damage. 
ine However, when the character of the bank is such that a considerable deepening 
fed occurs in advance of bank movement, and for this or some other reason the | 


oY. age movement partakes of the character of a slough of sizable proportions, the 


outer parts of the mattress, despite its considerable ‘strength, 


sa: a ~ tured and replacement of the riverward sections i is indicated. Plans have been 
under consideration for some time for a large-scale experiment. with clear 


Et water to continue to investigate the mechanics of failure, but the problem p poses — 
certain practical difficulties. The matter i is also being studied from another 


we 


: rent-_ 
a _angle— e—the possibility of using low abatis dikes or similar permeable curren 


retarding structures sunk and anchored at the toe of 1 the revetment to 
<> : aie at that immediate point and to force the locus of deepening farther | chan- os 


nelward. Some experimental work along this line has . been performed on 


rivers, and is ‘possible that an will be made i in the proto- 
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uary, 1947 MISSISSIPPI RIVER 
Mr. Matthes’ scholarly observations the contrasting “characteristics 
sy Mississippi and Mesopotamian alluvial valleys are most interesting, 
s his discussion of the implications and limitations of the term ‘ ‘poised” 
- as ied to connote t the river’s lack of apparent tendency to aggrade or degrade. 


- AS to aggradation of the flood plain, the deposition of silt from overbank flows — 


- floods were confined by levees which, in a geological sense, are parvenu indeed. 

The deposits, however, , of the coarser. sodimenta, took place 
on the immediate banks, which, accordingly, in course of time, became natural 

“levees s sloping off landward into the lowlands upon which the silt deposits were 7 
less g generous. Since the river’s meander was constantly caving its immediate 

banks, it was constantly tending to work its way i into lower and lower ground. 

‘Thus, while through the medium of its flood deposits it was always tending. to n 

_ increase the general elevation | of its banks, it was at the same time tending to 


"forcing the bank line back into lower terrain—which in turn ‘bell and 
in turn caved in, and so adinfinitum. The net result of all this ‘giveand take” 


¢ appears: to be a present natural levee at about the same height as those of pre- 

vious meander belts. can scarcely be doubted that the general elevation 

4 of the lowlands too remote from the stream to be attacked by it must have in- as 8 P 

| -e creased through the years, but, as stated by Mr. Matthes, the deposits, except ne 
at the immediate banks, appear to have been comparatively light and—over — 
i most of the territory—have b been stopped entirely by the construction of levees. 
~ Some building of the batture (the land lying between the levee and the river) —  ¥ 
? is in progress, particularly below Baton Rouge, La., where i in many places the 

levee looks appreciably higher when viewed from the land side than it does 

a nee viewed from the river side. | Hydrographic | surveys, repeated at inter- 
vals over most of f the period of levee building, have revealed no general ten- 

dency toward any aggradation of river bed. The “necessity for upward re- 


vision: of levee from time to time has been brought about entirely 


mnissioners, by letter that the assertion that none of the levees 
the lower Yazoo Levee District remains upon its original alinement is in error— 
that according to a map of the district made in 1867 by its then chief ef engineer, — 
_ Minor Meriwether, he has located (in small stretches scattered here and there a 
- through the almost 180 miles of line) a little more than 27 miles that the river e: - 
has overlooked. The assertion referred to has been current for some y years in ae 
th this vicinity. It apparently represents an erroneous conclusion drawn from 9 
a statement in the 1943 report of the levee board to the effect that the river Ey se 
had claimed 305 miles of its levees since 1880. ‘The writer is at a loss to explain aa 
y thorough in such matters as is 


A the Lower Mississippi, but i is glad to make the correction. 
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 C. A. Dyxsrra,®* Eso. —During the past few years, the writer has given 
some thought to engineering education, and 1 has ¢ discussed the problem » with 


engineers and with members engineering faculties. agrees" with 


the: author that engineering training should be broad and fundamental and 


; a it should place some emphasis on preg is being called ‘ “general education.” 
An engineer well grounded i in mathematics and the n necessary sciences who Leal 
some knowledge of the background of civilization, a reasonable mastery of ‘the = 
= - English language both spoken and written, and a speaking acquaintance with | 
Mie the: fields of psychology and economics will have a better chance to advance in ; 
his profession 1 than the one who too early acquaints himself with techniques ; and 
specialities i in the field of engineering. e These specialities can be e mastered if 


and when the need for them arises. The mastery of a oy erin mm come with 


Also there i As need for the training of the imagination of Such 
comes out of wide reading in the fields of literature and from the 

discussion of ‘controversial i issues; it comes from contact with other engineers — 
ae and with those who practice other professions. It is time to begin to use ‘the 
= words, “engineering education,” instead of the phrase, ‘ ‘engineering training.” 
the so- called training could be superimposed ‘upon the education of 


individual, \ wiser men would be | developed i in the profession. In modern tech- 
ae civilization there is great need for the technicians ‘called engineers, 


implications of modern life and they must feel at home in a changing world. 


24 


but, to master this mechanical civilization, technical men must be aware of the — 


aper has appeared in Proceedings, as follows: Rontessber, 1946, by E. S. Boalich, Russell C. Brinker, F 
. Oesterblom, Samuel T. Carpenter, Lynn ey mg L. E 2. Grinter; October, 1946, by Robert O. Thomas, G 

Clement C. Williams, N. W. Dougherty, H. A. Wagner, M. E. Melver, and Scott B. Lilly; and December 

Provost of the University, Univ. of California at Los Aneta, f 

36a Received O 194 


Nors.—This paper by Donald M. Baker was published in April, 1946, Proceedings. Discussion on 
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ebruary, 1947 ON EDUCATION 


A structural engineer should know ‘more than how, to build a bridge. 


‘built, and perhaps be able to suggest an alternate solution to what is tradi- ou 


‘Therefore, it is gratifying that the author is interested in the educational ee 
aspects « of the engineering world and d it is t is to ‘be hoped | he will | continue to to call at- ray 
tention to the fact that a study of e engineers 2 as well as a » study of engineering is 
_ needed. After all, engineering schools are in the business of educating men, 
_ some of whom will be e engineers for the remainder of their lives, and some of 


“will find themselves with shifting and varying responsibilities which 
at : may be quite tangential to what i ‘is f familiarly called the engineering profession. — 

at If, as it may happen, engineers are called much more frequently into manage- ; 
v "ment | or into public life, the character and quality of their education becomes 

of real importance to the social structure. 


Louis Batoe major purpose of this i inquiry as as stated in 
the “Introduction” is: * to evoke discussion of the subject of engineering 


education. by the users of its product. .’ The point of view of “the u users of _ 

product”. does not necessarily coincide w with public interest and with the pro-- 
; fessional : interest of the individual. In fact the statistical data included i in the ee 


paper that these interests are e quite divergent. ‘The: opinion expressed 
int the paper- —that the assumption of administrative duties by an engineer con- 
stitutes professional advancement when he begins “ on | his subordi- 


ates more and 1 more for technical results and opinions, ”—misrepresents the 


} value of engineering science. 8 would a appear - reasonable that work involving — a, on 
_ technical science should be rated above all other activities, | and that superior Sy 


pated above 
technical knowledge should enable the engineer to assign subordinates to the 
| if nontechnical duties of | the managerial position. | _ Educational institutions and _ ees 
ith professional organizations sh should not create men prepared to prosper on es 
gh knowledge of subordinate engineers; rather, they should produce engineers 
ion who will have reasonable hope of improving their conditions by ‘professional, 
ich profession i is a vocation that t requires a learned education. A uniform 
the ‘educational standard, therefore, i is a necessary ‘requirement for creating a pro- 
-fession. This was well recognized in the 1920’s by the American Medical 
he & “Association i in rating medical schools and in undertaking a relentless effort et 
“the immediate closure « of third-rate and , for the gradual elimination of all 
“second-1 -rate, institutions of medical instruction. As long as uniform educa-— 


tional ‘requirements for the designation “engineer” are not established, 
‘group classification of “engineering profession” remains meaningless. The di- 


authority, of the university, the state board, and 


— 
= 

= 

en 
ith 
nd 
he 
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— 
cer,  ‘ssional status for the engineer, similar to that of medical men. The latter, 
upon complying with precisely defined scholast 


be doctors of medicine | on the strength of the authority of the university and 
become ‘full-fledged members of their profession. 


a - From statistical data, Mr. Baker concludes that the engineer at present 
-¢ cannot achieve professional status by education (see heading, “The Practice o of 
‘ae * * the average _ engineer—at least if he follows civil engineering— 
does not attain a position in which he is called on * * * to assume engi- 
neering responsibility for anything except work of the simplest character, 
until at least from eight to ten years after he has graduated; and many do one 
not attain such a position within th that time. 
‘Under the heading, “Prewar Engineering ” Mr. Baker s states also all th 
that at the university the student: * grappled with problems of a char- itis: 


acter that he would never meet, or at least would not have to solve, on his ow n struc 
responsibility for from at least twenty to twenty-five years after graduation.” prov: 
In striking contrast to the foregoing statements, Arthur J. Boase, M. ee locat 
‘reporting on the advanced of development of reinforced- concrete desig 


— years. 8 None of these highly educated, able designers (who have dowd 
oped a reinforced-concrete “design practice far superior to that of 
_ achieved in the United States) could satisfy Mr. pane s criterion for engi 
eering responsibility or be classified as able to design. — This i is an indication of , 


something fundamentally wrong in the guiding principles. that underlie his 


concerning the purposes of civil engineering» education and d profes- para 


Effecting that professional technical knowledge, so that it The 
‘ "will be to the best st advantage ¢ of the individual and the community, is the fore- # dem 


most: duty of at any group of men engaged in the same occupation. _ The engi- 
neering society | has been ineffective in these professional objectives primarily The 


a as because it is not a group of persons engaged i in the same occupation and i ine ; nica 


terest. According to Mr. Baker’s statistics (Table 4), 46% of its corporate [user 
esa membership i is not engaged in engineering; and a closer scrutiny of the actual gine 
ie activity of those in the grade of member, by Arthur Wardel Consoer, M. ASCE, § tati 


reveals that ‘‘* * * only a pitifully small group * * *- * can really consider them- | labe 


selves to be practicing engineering as a profession. 39 Tn demonstrating similar Wor 
facts (Fig. 1), the author arrives at the conclusion that engineering education int 
should emphasize only the fundamental principles of engineering and should feng 
in clude executive and managerial training. _ At the convention of the American 9 this 


Society for Engineering Education June, 1946, the recommendation was 


made that civil engineering education should emphasize fundamentals and 
that ¢ design “‘can be better learned in practice.” vali “Such recommendations are 


not to the-best interests of the civil engineer. — ‘If South American ngineers, 
credited with outstanding accomplishments at the age of twenty-five years — * 


American Building Is Challenging,” by Arthur J. Boase, Engineering News-Record, Vol. 133, | 


**The Profess onal Status of Civ il il Engineers, Arthe Wardel Consoer, Civil Engineering, Novem- 
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had the education advocated Mr. Baker and the Americn Society 


and 
for Engineering Education, they could never have achieved real 
= ‘ prominence; a few may have | become managers of some mass- -production or- ev wo) 

n 


ganization nm “twenty to twenty-five years after graduation.” ‘Why should the _ 


, , ¢ young men of the United States be denied an education that would equip them 
independent: accomplishment ascivilengineers? = 
— In discussing the “Organization and Structure of the Engineering Profes- ‘ 
ngi- under the heading, “The Engineering Profession,” Mr. Baker states: 
ter, Fe “The current practice of engineering, except by those who serve in advisory or a, 
hod consulting: g capacities, is mass-production activity Critical exam- 
ination of this correct observation reveals, h however, that this condition involves 
also @ all the disadvantages and none of the : advantages « of ma mass pr roduction, and that — ea 
har- § it is detrimental to the professional interest of the civil engineer. Engineering me “s 
own structures are not produced by mass- -production | methods, and nature seldom oe “ vey 
provides the same conditions twice. A structure that fits “perfectly into its 
CE, location always represents ‘saving to balance the insignificant cost of a good é ‘ 
rete design. Mass-production principles manifest themselves in standardization, a 
s of § and standardized designs are the most effective means of hindering progress. 
vel- 
evel 
ngi- 
his § The management of engineering organizations, at present, may bea pure “ee 

)fes- parasitic. activity in which mere trader’s cunning, or certain dexterity i in ung 
we use of technical terms, is sufficient qualification for a position above the engineer. a. a 
it it The slight technical knowledge that is required for this form of management i is ae 
ore- demonstrated by the fact that most heads of engineering organizations ad-— 
ngi- vanced to their positions through salesmanship or assumed executive duties. 

ily The emphasis placed on management and organization, at the expense of tech- , 
ine nical knowledge, has lowered the designer to the status of a laborer. The 
rate User ¢ of the product, whose advice Mr. Baker s seeks i in an effort: to > improve en- - i 
tual gineering education, the highly ‘educated designer true represen- _ 
CE, @ tative of the civil engineering profession) less than the wages of unskilled © bd ad 
em- labor, and terminated his employment immediately upon completion of the - Pe, 
work. These practices have forced designers to use the methods of union labor 
tion 
ican 
was 

“The student should also receive a realistic picture of the 
ers, 2 which he has chosen for a life career—not the glorified aspect usually pre- = 
It is of even greater importance to the student to know the 

are not telling the truth. The incredibly 


- admissions of this appalling fact, in private conversation, show the prevailing 
——— in the civil engineering profession to be based on the betrayal of 


morality on which all human relations should rest. 


ie author’ s recommendations that the experience records” of engineers incre: 
be studied in order to discover needed educational improvements and the | on a 
for engineering services can yield no useful results. Such records entire 
do not show the > actual accomplishments or the capabilities of anyone; and § State 


the demand for engineering services is never revealed by such records. aa. by ai 


Examination of engineering structures will indicate educational and pro- | of gr 


fessional. conditions; it will indicate needed educational improvements and quiri 


vasted opportunities for the employment. of engineering ; services. The pro- ment 
fessional biographies of the engineers, “enumerating their engagements: will the v 


indicate nothing. Anywhere and everywhere, structures can be observed this 


which disclose the need for engineering services—instances where the use of fluen 


expert: engineering talent would have resulted in savings, improved appear § Ii 
a OH Mr. Baker’s analysis of the advancement of “engineers in the qualification § with 
a grades of the engineering society, therefore, cannot be accepted as a suitable tech 

- guide for the improvement of engineering , edueation or professional organiz- J Prog 


ation. On the contrary, the misleading conclusions that result indicate that labor 


<7 the re ection of his basic principles are a necessary re uirement for the achieve- tions 


_ The classification of engineers by interested private as “jun- mem 


s,” “associates,” and ‘ ‘members,” that | postpones recognition of design boar 


ability until after a person has the prime of life, 4-4 and that declares 


any one older than thirty-five years able to design, irrespective of his actual oe- 7. 
cupation, is incompatible with 1 the conception | of a learned profession. av 
as ib growth of technical sciences has resulted in the evolution of educational insti- that 

aa tutions that actually eliminate the system of apprenticeship established by worl 

i this antiquated and wholly unjust classification of engineers by the - engineer- and 

es ing society. _ If this were not an artificially ‘created situation, the university i 
as an institution for educating civil engineers could be regarded as a com- kr 

ee plete failure. The inadequacy of the university is a direct result of the in- ‘lee 
wee fluence exerted by the controlling ideas in the existing organization of the civil §. | 
Seow 


_ The engineer ‘will attain professional status when a _ properly constituted 

university has become recognized as ‘the sole authority for qualifying an ri 


dividual, upon completion of specified studies and examinations. - Since the 


of ‘individuals are guaranteed by the authority of the state, the state 
‘should establish the educational requirements leading to those rights and 
_” should be represented by its properly constituted registration board in the final reve 
examinations of engineers at the university. Such an n arrangement eliminates 


‘duplication of effort. It eliminates the system of dependence on] personal Brest 
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it that engineers will able to begin practicing 

their kanes at a reasonable age and succeed according to their ability. = 
A professional man is necessarily a lifelong student whose knowledge should Mier ig 
increase | steadily. The admission to a profession, however, should | be based = sey 
on precisely defined, formal education which preferably should include the 
entire educational per scholastic level of high schools in United 
by at least two years of study.25 more ‘secondary education i is 
of great interest t to the engineer. He should be given the possibility of 
quiring 2 a proper cultural and basic scientific education and the formation of a 
mental habits that result in self- -dependence and maturity, before entering a 
the university at the age of eighteen. : Experience i in education indicates that a 

this can be achieved and. a professional organization of | engineers should in- 
—- establishment of such an educational procedure. 

It is rational to spend the first two years at the university with the basic 
‘od advanced theories now given as graduate study, the following two years a 
with the application of theories to design, and the fifth year with oo “i 
technical studies and courses in economics and statistics. . This university — 
program of five years should be based on at least 40 hours each week in lectures, — 


laboratory, and design work. Upon ¢ completion of this work, and the 
tions, the candidate should prepare a a thesis and ¢ pass a written and oral exam- 
ination in his three principal engineering subjects before a board comprising 
members of the university and federal registration authorities. _ This joint 
board should declare the successful candidate an engineer, and he should be 


acknowledged a full- fledged member of the profession at the age 2 of ti twenty-— —_ 


ihe 


academic prestige of. the engineer's diploma should be the same 

that of the doctor of medicine. Courses that do not require compulsory 

and specific examinations by a duly formed of university 
cand registration boards should be disqualified in appraising candidates for — ws 
the . degree of engineer. It is a truism that taking courses does 1 not ‘mean 
that the individual has any knowledge of the subjects involved: 
The graduate engineer, upon presentation | of a paper which ‘is rated satis- ; 
factory by a 2 special board of the university, and upon passing an oral exam- — Z 
ination, should be able to obtain the academic degree of doctor from the uni- + 
versity. This degree, however, should not give rights in addition to those 


acquired with his diploma. The degrees al of Science and Master 


sequence of n this discussion is psychologically more 
sound for the development of the proper sense of values | than the ‘prevailing © a 
Teversed procedure. Observation indicates that an elementary : structural edu- _ 

sation, followed by the study of the theories of elasticity and stability, often. 


results i in an attitude that misjudges the réle and value of mathematical pro-- ee 


®“Rhodes Scholarships and American Scholars,” by G. R. Parkin, The Atlantic Monthly, Vol. 124, 


in the United States, "by William A. ‘Smith, The Macmillan Co., Ne ew 


” 1982, 
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BALOG ON EDUCATION 

cedures in creating s structure al 
appearance of a structure. T the performance i is by only; 
. analysis can never improve upon a structure if the layout is faulty: All 
if the knowledge contained in the curricula is necessary in structural design. — The 
_ subjects of design, therefore, must follow the mastering of advanced theories. 
_ -Mr. Baker’s idea of transforming engineers into managers by the study of 
rap! ter an a miscellany of subjects as “human nature,” ’ “institutions,” and “business 
. a practice” should be rejected a Only superior technical knowledge should be 
qualification for leading positions in engineering. The only nontechnical 
wee subjects required of the engineer should be economics sand statistics. ; The. an- 
oe alysis of f scientifically c classified collections of fact ‘relating ton national and world 
- economy is a suitable method of interpreting conditions and values. by tech- 


of the involved is the fundamental in both cases. 
es students would rather listen to the lectures. of an outstanding teacher 
= —than groups of fifty, to men of limited knowledge and faulty point of view. 
Done Personal contact between lecturer and students is ‘not necessary. _ Self- de- 
‘pendence is essential for the development the student. The “professor 
should not be required to expend more time ‘hen that required for lectures 
fora During the first two years at the university, since the emphasis i is on analysis, 
"the e engineer is trained by men who are primarily theorists. _ After the second 
year, the lectures should be g given by practicing engineers. Lecturers should 

in their respective to engage in research or design, keep a abreast of all 
— in their respective lines, and modify their lectures ¢ every year. . ‘The 
mpensation of lecturers and their assistants should be so high that everyone 

uld s strive to attain the ne knowledge om qualifies me men for a a position n at the 

The educational and qualifying ‘outlined in ‘this discussion, 


a the establishment of free competition in design, are the only means for 
establishing the civil engineer in his proper professional status. A suggestion 
Me that, in order to succeed, the engineer should be a a politician, an c orator, al 
if executive, a salesman, « or anything but a person who applies technical science 
ane in his work, is an implicit admission that technical knowledge is of no value. 
a, This condition follows from the prevailing system of qualifying engineers 
ty through personal recommendations, by which means anyone can be made a 
great engineer or a lifelong slave. As long as it is possible to « declare every 
‘i technical function a . matter of detail—as long as it is possible to accord credit 
for the work of others to anyone whose advancement is the personal interest 
of user of the produet—the existence of a civil engineering 
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AMERIC N § OCIETY OF CIVIL ENGINEERS 
ries, 
RELIEF WEL DAMS AND LEVEES 
[cNown,?* Assoc. M. ASCE.?%—For some the writer. has 
wcher fF been interested i in the application of mathematical methods to practical prob- 


“le ms of fluid flow, and has contended that many existing mathematical treat- “4 
lf-de- t. ments would find wider application if presented in a less obscure manner. It. ar, 


is important from the standpoint of clarity that ‘symbols, 1 wherever used, b a 


tures § clearly defined and used in an entirely consistent manner. _ Moreover, since a ey 
8 the algebraic representation as applied to practical problems i is merely a sym- <a 


bolic shorthand, the relationship represented by « an equation should be e expresse 


in words wherever the significance | of the equation is not readily apparent. 


hould # =} The application of the methods of hydrodynamics to relief well design | pre- Be 
of all sented by the authors is an interesting analytical problem leading to worthwhile _ 
The results. — However, the development of the basic equations i is exceedingly diffi- 
ryone cult for the reader to appraise and follow because. (1) the explanation of prin- , 
tthe ciples underlying the development is far from complete, (2) the symbology is a, 
RG thoroughly confusing, and (3) several inaccurate or inconsistent statements have | 
ssion, been included. Since the writer feels that the results obtained by the authors 


is for Hare significant, it seems worthwhile to clarify parts of the development and to a 


yr, al  Inany development of a highly mathematical nature, it is not. the 
lence “algebraic transformations which interest the practical-minded engineer, bu but 
value. tather the : accuracy of ‘the underlying assumptions and the acceptability of 
ineers "approximations so often essential to the obtainment of useful results. — iy ot a 
ade Le - this viewpoint, the omission n of a any discussion of the rather surprising a_i | i 
every | which permits the use of hydrodynamic theory for certain problems o of 
credit “motion is regrettable. As presented, 1 the material leaves the reader with no a 
method of evaluating the usefulness of the final equations.. _ Much of the 

n wi 


a _ _ Norz.—This paper by T. A. Middlebrooks and William H. Jervis was published in June, 1946, Pro- 
_ ceedings. Discussion on this paper has appeared in Proceedings, as follows: October, 1946, by Henry C. 
: Barksdale, i J. Turnbull, and Glennon Gilboy; December, 1946, by W. A. Wall and C. A. Stone; and | a 
jepuery, 1947, John R. Charles, Horace A. Johnson, P. C. Rutledge, H. H. Roberts and Carter ve e P 
Research 
Univ. of Iowa, lowa City, Iowa. 
Received December 2, 1946. 
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development is beyond the scope of the paper | 
ag and, furthermore, has been presented ¢ elsewhere; nevertheless, the authors might 

ae fe fully as well omit the mathematics and present only the final equations, once 


__ they have omitted the initial steps leading to Eq. 7a. POPES vd 
_ In deriving this basic equation, it i is necessary to define and to utilize briefly 
- the concept of velocity potential in relating the flow of a frictionless fluid into 
b mathematical ‘sinks and the laminar flow of a real fluid into relief wells. — A 


a tals A comparison of Eqs. 26 demonstrates the ensines between these two types 
: of motion and indicates that the piezometric h head (multiplied by @ propor- 

tionality factor) will serve as the velocity potential for flow through granular 

media. Because | of this accidental parallel between two widely differing types 

+48 * motion, many of the results a and methods of of hydrodynamics may be applied — : 

to problems of flow through porous media. Flow into a single well has 

i exact counterpart in the flow into a mathematical s sink, and a number of wells — 
ie can be studied by utilizing ¢ expressions already developed for flow into a. 
& ann _ parable number of sinks similarly arranged. - Although flow from a river into 
4 a line « of wells i is closely approximated by the corresponding expression for! flow 

Pe into a line of sinks, the condition of a straight line of uniform pressure (the ; 
a s edge of the Tiver) may be exactly reproduced by placing a symmetrical line of 


fe cane” sources or : supply wells ¢ an equal distance the other side of the straight line of 


ean Ae uniform pressure. 7 ‘The mathematical expression for the infinite lines of sources 


> ms _and sinks is initially quite complex, but it may be partly simplified to a usable 
as 

form corresponding to Eq. Ta. Since piezometric heads are of more direct 

usefulness than pressure | intensities, Eq. 7a has: been rewritten to give the 

piezometric head h at the with coordinates (x,y) in the fol 


cosh j(y — 8s) — 


28 Hydra Phi 0 heimer, B. G. ‘Leipzig an and 
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1947 _McNOWN on, ‘RELIEF wens 
for the sources at y = — 3, 8 being the betwe een the 
- the river and the line ot wells. ¥ The piezometric head along the edge of ine 
river is designated by hy. The x-axis coincides with the line of symmetry (the 
edge of the and the y- -axis passes s through one of the wells. 
3 tution j = 2 x/a, in which a a Lis the well spacing, has again been used to simplify 

_ typography. _ The coefficient c, which reflects both the quantity of flow into ee 
. each well and the characteristics of the medium and me fluid, may be defined as _ 


nite. The of the medium ki is “defined by 
Muskat?* 2 as “the volume of a ‘fluid of unit nit viscosity ‘passing through a unit. 
cross section of the medium i in a unit time e under the action of a unit ‘Pressure 
gradient” and is entirely determined by the geometry of the medium. 
value of k reflects the a ability of the medium: to transmit fluid ‘much as a coeffi- 
cient of heat transfer reflects ability to transmit heat. The u unit weight of the 


the conflicting definitions and units and still to arrive at a correct. equation. — 


= Together | with these fundamental relationships, a restatement of the problem 
in view is essential. Expressions are sought relating (a) the well ‘discharge to 
the drop in head between the river and the well, and (b) the head midway be- 
_ tween adjacent wells to that at the wells. . Ibis is necessary, , therefore, to o evaluat 
from Eq. 27 the piezometric head at the edge of the well and midway betwee 
wells in ‘terms of known or measurable quantities. If the radius of the well r 
is assumed to be small relative to the well spacing (as it is in any practical case), =f 
: the lines of constant pressure in the region of the well are essentially circular, — ine 
2 and the piezometric head at the well may be evaluated at any point around the Oe a! 
periphery. The p pressure cannot be evaluated at the center of. the well, 
the medium i 18 discontinuous i In this region in direct contrast to the assumption _ f ia 
underlying the derivation. Therefore, if the coordinates (rw,8) are substituted 


in Eq. 27, an is obtained for hw, the head in the well 


In the numerator of the fraction j rw is small, so that cos j rw may, with good le 


approximation, be replaced by the first two terms of the equivalent series et’. 


xpansion, 1 — Tw)? . Also, since 2 j is considerably greater than unity, 


cosh 2j8 may be replaced by } aah and cosj fw» may | be neglected in the de- A 


With these readily permissible simplifications, le ARS 
(a/2, 3), corresponding to a point midway between the _ 


alls at ©, s) and (a,s), are substituted in Eq. 27, the piezometric head at this 


“The Flow of Fluids Through Porous Media,” by Morris Muskat, McGraw-Hill Book 


"differ ‘somewhat from Eqs. 7 because the wi writer found it impossible to 
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a _ point can also be determined. — Th the absence of consistent notation, the sym- 
az bol An will be assigned to | this head, which can be referred to either the head 
BS at the river or the head in the wells by using Eqs. 27 and 29—that i is: we | 


_ Finally, from Eqs. 29 and 300 the ratio p as s the ordinate 


at ae Also, the combination of Eqs. 28 and 29 yields a relationship between the drop — 


7 


oe Eqs. 31 a sl 32 2 correspond to Eqs. 11 and 12, but are presented i in consistent 
units and in a more readily usable form. AS 
| ‘eae Riek: _ The: foregoing development has been included in some detail, in n part because 


standable order, but primarily because throughout their development the 
authors have consistently departed from good practice in use of symbols. 
Wea oe ‘though the results of the analysis as embodied in Fig. 4 are correct, it is typical 
i of the confusion confronting the reader that the same quantity is oan ee 
= as hin one part of Fig. 4 and as h, — hy in the other. In fact, four different 9 
‘symbols were used at various points in the authors development to represent 
this difference p, Ap, h, and h, — he. The symbol p, 
more, was assigned four distinct meanings, ‘denoting the piezometric head at 
the point (a,y) i in Eq. 7a, the difference in head he — — hy a few lines thereafter, 
the unit pressure (actually piezometric head) at the midpoint between the wells 
in Eq. 8, and the difference hw» in Fig. 8(b). “As a ‘result, the reader is 
forced tor use intuitive as well as logical ‘reasoning in following the authors’ 


‘the parallel treatment by the authors lacked a sy stematic and readily under- 


Although the essential results given by the authors have proved to be correct, 

several omissions and points of inconsistency | further r detract | from the presen- — ‘ig 
tation. It is difficult to obtain a a satisfactory interpretation of Table 1 in the 


absence of specific values for 8, and 


i The definition of the quantity “extra length,” given as part of the discussion 


Fig. 7, is ‘not with its representation i in Figs. 7 8 and | (i 
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- Neither theory nor electric analogy are > suitable for evaluations the effect of a 
_wellscreen. As presented, this length term is the difference between the length 
of the direct path from the river ti to the line of wells and an effective length ob- 
- tained by dividing the total drop i in head h, — — he by the } piezometric gradient 
aint some distance away from the line of wells. Introduction of this — 
residual quantity leads to the ‘useful plot (Fig. 8(a)) which is independent of | 
_ the variable s (or s/a). However, since Fig. 8(a) yields only the extra length | a 
i and Eq. 13 is necessary for the evaluation of Q, the word “flow” in thecaption 
of Fi ig. 8 seems inappropriate. If this extra length i is designated » as 8b, it it may 


which corresponds to the line for 100% penetration i in Fig. 8(a). “The: equation 
for the related curve in Fig. 8(6) can be written in a like manner if it is noted 
- that the value 7 pin the ordinate scale is intended to o signify the difference in head 
hm — hw and that the porosity factor includes not only the effect of the porous 
‘material but the viscosity and unit weight | of the water as well. If the writer’ Ss 


ter rminology and Mr. Muskat’s definition of peeing are used, Eqs. 28 and 30b 


re 


ne 


with, absence of a definition of r, or a rela ‘donship between the two. 
part of ‘the 


Iti is hoped that, in so doing, this section of the general dis- 
oe cussion has been brought up to the > high level of the remainder of the paper. oa - 
Corrections for Transactions: On page 786, Eq. 7a change to ‘ ‘s” twice; 
f nai on page 787, in line 3, transpose “,k” to “‘k,” and change “ “< to «,” in Eq 
7b line 5 change “ y” to “ (x,y), ” in Eq. change “k” to to 
in line 13 change ‘ tos =< + na,” in 


” in line 16 change “Eq. 3” ’ to! ‘Eq. 7a,’ ’ and i in ‘the ‘right- se 4 
“1+cosh2js 


Pap On page 792, change the first « complete sentence to read: “The inflow region was 
x 


: represented by a solid sheet of copper in one end of the trough and the well by oa 


iy a copper wire, sized to scale, and a series of tests made by vs varying the v wire size Bg 
iy and the position o of the wire to represent values of 8/a from 4 to 10 and ¥ values — 


wee 


of about 50 to 500. 


Fig. 2 change d, to AL 
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= §TRENG TH OF BEAMS AS DETERMINED 


— 


BY THEODORE R. HIGGINS 


*s Be can as practicable i in view of the mathematical complexities and, second, ot 
B r transforming the results into ‘simple functions of published beam properties. 
There is obvious logic in a formula which considers, in addition to the length 


a and width of the beam as embraced i in formulas used heretofore, also the thick- — 


ae nes ness of the flanges (which makes for lateral. stability) and the beam a 
4 


ee. hich militates against it). It is equally obvious that the four quantities, 
4, d, b, and t, appear in the author’s formula in the numerator and denominator, 
respectively, as they properly should to express their influence upon lateral and 7 

torsional stability. The form of the author’s formula is, accordingly, logical. 


‘Iti is interesting to ‘note, from the quantitative standpoint, that this formula 
“ operates to reduce the rated capacity of deep or narrow beams and to increase 7 
the tated capacity of shallow beams, as compared to their capacity when rated — 2) 


& 


by. previous specification formulas. involving only land b. + 


eee _ Although the case for Eq. 7, pertaining to long laterally unsupported beams, a 


oe oh has convincingly been developed by the > author, both analytically and statisti- 
cally, the supporting ‘argument for Eqs. 6a, 6b, and 6c is lacking. These e equa- 
are presented merely as affording “transition curves” with yield point 
“stress as their upper limits. . The analogy between the Euler curve f for 


Be. columns, a1 and Eq. 7, ‘as ap applied to long laterally unsupported beams, i is s readily - 
ee apparent. It does not follow directly, however, that a curve for short beams ef 
= to simulate that f for short columns as given by the secant formula. e a 
As will be perceived by dividing 20,000, 000 | by 600, the ‘critical bending 
stress in a beam having a -value of 600 is not lees than 33,333 lb per sq in., 
Notse.—This paper by Karl Vries was published in September, 1946, Proceedings. Discussion on 
“a this paper has appeared in Proceedings, as follows: December, 1946, by George Winter, and David B. Hall. 
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even under the most severe of the six different types of loading ‘considered. 
Thus, the usefulness of a further reduction, amounting to . 0.0125 x (600)? = 


4, 500 lb per sq in., is not apparent in applying the results of the analysis to 

eo F rom a practical standpoint, it is highly desirable to limit the use of vari- 

able ) working stresses—which impose an added burden on the lee 


as possible, consistent with sound practices. 
i For these reasons the American Institute of Steel Construction (A.I.8.C. . 
Committee on Specifications has seen fit, in revising the Standard —— 


amd to recommend the use of Eq.9 9 for all values of — heed an 2 600, 


& 
For of than | 600, 
On this basis, for most ooted wide flange beams —— is a athe substantial 


length up to ' whi hich no Teduction i in capacity need be made | because | of the lack 
of lateral support. For instance, for; a beam 36 in. deep by 163 in. wide at 300° iv 


lb per lin ft, this length is 38 ft. - Accordin gly, in the Fifth (1946) Edition of 


the A.I.8.C. manual on “Steel Construction” i in a — of safe loads on 
beams, the constant value i? and | the length. (Le ) up 1p to which the absence 


of lateral support ; does not reduce: ‘the allowable lo load, are given for each beam Bc 
size. For ¢ ‘any given beam, the only variable: in Eq. 9 is | the factor l and, 


| 


Although. 


To avoid ‘this sep, since three beam dimensions affect the 


_— instead © of on one, the A. I. LS. C. manual 1 now w provides four n new ‘charts: from 


are 80° ‘arranged | that, entering on the | left with the desired bending moment ee # 
and at the bo bottom with the unsupported ‘span length, and proceeding aci ACTOSs: ; 
and up, respectively, to the intersection point thus found, the curves for all 
beams which satisfy the new formula lie above and to the right of this point. 
In applying Eq. 9 to beams where the ;~-value requires a Percent 
the 20,000 Ib per sq in. basic working stress, investigation of vertical deflection 


for all ordinary conditions is unnecessary. — As the laterally ‘unsupported span — 
length . increases, the reduction in allowable unit stress operates to an extent 
such that the vertical deflection will always be within the usual” limits gts 
scribed for fully lo loaded, fully supported beam of the same span. 


*“‘Specification’for the ‘Design, Fabrication and Erection of Steel for Buildings,” A.I.S. 
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‘The author has. wisely called attention to the fact that the working formula 
(Eq. 9)i is safe for the most severe of the six types of loading considered, and that 


8 a in investigating , special problems the designer would do well to consider the exe 


_ pressions derived for the other five conditions. ; For the ordinary run of work a 
_ single rule, safe for all conditions of loading, will suffice and will not prove: waste- 
ful of material. Ins studies of this kind, however, there is a natural tendency to 
lose < of the information pertaining to special cases; and to ascribe to the 


user of Eq. 9, in attacking problems involving unusual profiles, would do well 


to study carefully the discussion of some of these problems contained in the 
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DISCUSSIONS 


RADIUS OF A ARTESIAN WELL 


. Leeeerte,* ASCE"«— it covers a highly 
jest subject, this paper clearly demonstrates: the practical importance _ 
of a a number of factors of well design. It seems desirable to emphasize thee 
practical considerations because they are often given little attention. 


k Frequently water works men and well- drilling contractors greatly belittle or : “4 


fail to o recognize the ‘magnitude of | what Mr. Jacob calls ‘ “well loss. 

Na ‘Iti obvious of course, that the water level in a pumping well must 
lower 1 than the water level immediately outside the well. In | Many wells, 
‘much of this difference in head is screen friction loss which results from. oe ved 
_use of a poorly designed screen. 3) _ This difference in head is sometimes presumed — . 
to be e only a few inches, or a fraction of a foot; however, actual observations — Bi 4 
have shown that in wells the well loss is a of the total 
drawdown. ‘Thus, from the point of view of of operation, well loss 


may be be an ‘important factor. any! 
a The ps paper also indicates the desirability of increasing the effective radius <a 


(of a “sand and gravel” well by development to ‘remove the fine material 
"surrounding the screen, or by artificial gravel packing. it should be noted ee 
that the advantages 0 of development or packing may be largely c overcome 


The process of development by ‘swabbing, and brushing is being 

- used more and more in uncased wells (rock wells), the walls of which apparently Fs 7 a | 
become “mudded up” during the drilling process. This clogging of the uncased 
wall of the well has the same effect as an inefficient well scree i in a “sand “4 

and gravel” well. _ The well loss i in many wells of this type has been greatly 


Norz.—This paper by C. E. Jacob was in May 1946, Precondings. ‘Dissension on this 

has 


any 


Ue Ni November 21, 1946. 
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LEWIS ON ARTESIAN WELLS Discussions = 

meee From the point of v view of ‘economy « of pumping well wii this paper 


the should be of large diameter; it should exten- 


= 
4 


_R. Lewis,“ M. ASCE." valuable method has been presented, in 
. ¥ this p: paper, for analyzing the capacity of artesian wells in . spite of the n necessary ane 

_ assumptions that there is uniformity in the aquifer and t that the total ‘supply = 

to the well is drawn from the aquifer by the release of elastic forces. — ‘Such ks 

- theoretical or mathematical treatments of the flow of fluids assist greatly i in x 

the understanding of practical problems even though the latter seldom are a 


The multiple-step test proposed by the author should give very useful Bo 
infor mation on the points mentioned in the ‘ “Summary” wherever the assump- Ey 
tions are approximately fulfilled is hoped that the au uthor will explore the 
possibility of a similar r analysis other conditions. Two important types 
of wells that might be studied are those simple water-table situation 
those in which the bed overlying an aquifer is impermeable but as 
permits. recharge from the soil surface surrounding the well. 
Sit ail appears to the writer that two other factors besides the compaction of = 
the aquifer are important elements i in making the ‘ ‘apparent aid 
fi! greater than the compressibility of water, B. ye These are (a) the increase in § 

volume of the solid material of the aquifer because of the reduced hydrostatic | a det 
_-pressure 2 and (b) the reduction in the pore space because of the deformation of | — 


the solid par articles by reason of the increased pressure on the mineral skeleton. lib 
his earlier paper, the author mentioned these factors con- 


“sidered hon to be negligible . Whether they are, or are 


| important makes no difference in the author’s analysis. 
the in Artesian Aquifer,” by C. E. Jacob, Transactions, Am. Geo 
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OF BEAMS | 

OBSTERBLOM, AND HARRIS ‘SOLMAN 


ASCE. *“—The use of matrices in uctural engineerin 
as presented i in this paper constitutes a well-arranged review of the basic ideas 


fe and also a few sensible. applications. — Some matrix applications are already — 
x well known to ) engineers V who have analyzed their continuity problems by the — 


aid of energy, deflection, or slope methods, because all these, ultimately, lead 
to a system of equations for which a solution is possible only by the aid 
es determinants. — (Among the many w writers | in this field, the following a are = if 
worthy for ‘comprehensive coverage and accessibility i in American engineering 
libraries: Max Foerster, 6 David Molitor,’ and Parcel and G. A. Maney. 
Too many engineers, however, have kept aloof from these methods, perhaps 
% because they have been frightened by the unknown simplicity of matrix oper: | 
tions. Since: the of this paper, however, t they can no longer offer 
this: as an excuse. On the other hand, others—the physics-minded type— -have 
been led in the opposite direction. Albert: Einstein’ ‘generalized relativity” 


“and tensors a: are ‘nothing but the supreme of rationalized. 
-* Perhaps there. was s also something beyond the matrices that frightened the eon 
“early, designers of indeterminate | structures. It n not have been their 
presence but their’ extent. The nodal ‘points in most commercial structures 


* were many, as were, ther am, the elements in the matrix. it required a staff 


ae good | mathematicians | under " very keen leadership to set up th the phil 


— 


_ Nors.—This paper by Stanley U. Benscoter was published in October, 1946, Proceedings. — 


Engr., Carbide & Carbon Chemicals Corp., South Charleston, W. Va. 


Kinetic Theory of Engineering Structures,” by David “Molitor, ‘McGraw-Hill Book Co., be 
ae *“Statically Indeterminate Structures,” by J. I. Parcel and G. A. Maney, John Wiley & Sons, Inc., oa 


*“*Les Tenseurs en en Elasticité,” by Leon Brillouin, Masson et Cie, 1938; 
an edition by Dover Publications, New York, N. 
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and then to them, five stories ‘three | spans only—not to mention 
the» many larger frames. maximum of fifteen redundants was as much as" 
"thes utmost in this was discovered in the Zeppelin frames— 


4% _ one hundred or more nodal points.!° When these airborne visitors, on destruc- 
tion bent, arrived over the British Isles during World War I fear came to every 


ome man’s s heart: “What can we do to master these wicked monsters?” R. V. South- a lh 
welli lin England and J. C. Hunsaker in the United States worked on the problem, 
intensely and fearfully, build better airships. Mountain high matrices as 
Ate < "wide as an ocean— —or so it must have seemed to those who did the w work—were i 
Southwell’s work now -reposes in the archives of the Royal 
Society i in London—a bewildering array of mass matrices of group elements; 
oe and a child was. -born out of this labor, too—the magnificent but ill- fated ar 


dirigible R101 which went to its destruction in the mountains of eastern France 
on its maiden trip to India. Bi was the only airship that was ever truly and 


designed—so_ the world found when "peace came. measure 


necessary to prove that the war was truly over, the foremost ‘ ‘matricians”-of the 


world were ordered to surrender all their designs and calculations: for the 


a Zeppelins. It was a sorry ¢ collection they presented. The master mathema- 
- nr had ‘been defeated by too many nodal points; they had nothing to show ft ; 
except reams of empiricism heavily loaded with guesswork. a 


we This leads one to ask: “What good today are the matrices in dealing with a t 
frameworks?” If the latter are complicated, matrices are inadequate, and if if 


they are simple, the modern relaxation methods:are as good for the simple 
they are for the most complicated— —and much simpler in application. 
_ The engineer must think further than that, however, even though Mr. 
-Benscoter’s applications | have somewhat limited, for there are other 
problems—as i in the field of -dynamies and elasticity—many of them not yet 


born. When these rise out of the twilight of the unknown, designers will be 


g pt bees thankful to Mr. Benscoter for providing such a fine light to lead them through a 


Quite incidentally, the paper ‘reveals that the stiffness of continuity may 


also for a frame in two ¢ or dimensions? For such a frame the 
_ te 4 would have an epochal significance, because it would lighten the burden con- 


gg Mie siderably when one has to d deal with changes of sections or loads i ina frame. les 
Foes As” things : are n now, much guessing must be done because the actual work of » 


rational redesign would be prohibitive | for because of the 


Pout 


= 


of continuous beams, the author has made a contribution 


SS a *. the field of structural an nalysis. Th 1e presentation of relationships in the a 
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Ae 


tage of a 


systematic, and “easily ‘visualized arrangement but also possesses a mathe- 

‘matical: elegance, which—it is hoped—engineers will not be too ‘ 

Aside the interest of the author's method, however, 4 
- is also ‘a practical feature involved which has not been sufficiently emphasized © 
in the paper. 3 The method presented can be utilized conveniently in setting — 
up general values of end moments for a given system of continuous beams + 

_ terms of loads, so that they can be useful i in computing influence coefficients. c 

= * number of years years ago the writer became interested in setting up general 
for T mulas to express the end moments of continuous beams on supports fixed 
ag ainst translation i in terms of the fixed-end moments. ‘Since load placed at 
“any one point on the structure produces only two fixed-end moments (one pat 
each end of the loaded span), only two terms of each such formula would need 
to be evaluated for any one position of ‘the! load. F urthermore, the. coefficient 
for each term would be a function of the beam « constants only : and would be. oo 
invariant for all positions of the load. Such formulas were deduced and suc- 3 
cessfully used by the writer. 
_ These formulas, t transcribed i in the same general notations as those used by 
ig the author, are. given 1 subsequently. #2. The following n minor or changes i in notation 
are to be observed: The first end support (noneffective) was designated a as Zero 


the 83 sserved to indicate the las ve § 


8.—BEaAM Constants. von AN n- Syerem 
F 1 5S 


Additional symbols p A were ‘introduced for convenie 


da are defined by the following relationships: 


( (for. 0<u = n and 0 v= 


and, for an n-degree system: 


eee 


ae ‘The beam convention for the algebraic sign is used throughout, in i 


: that the formulas may be readily applied to the beams with their proper signs _ 
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a higher system fr f rom of | the lower 132 and 


= 2. may y serve as the initial step in the progressive build- 


_ These formulas are equivalent to the “se 
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to break up the matrix {[1] 
of successive approximations—[1] + (Q’]+ - + [Q’ }- + tO! + 
Although this development is interesting from the standpoint of a ae 
- retical discussion, the writer ‘ questions the advantage of such a further trans- . 
és formation, since it changes : an absolute value for each coefficient to an approxi- 
a ‘mation, for which the degree of accuracy in each case must be predetermined. - s 
Furthermore, the breaking up of the reciprocal matrix into a ‘summation is 
~ based on the application of Eq. 97; but that relationship has a condition of. 


convergence imposed upon it and i is known not to apply to some mathematical : 


is 

_ units, as for instance to negative numbers and to complex numbers, I Its appli-_ 

es a in this instance, therefore, would have to be substantiated by a rigorous 


Fortunately, it is not ‘difficult: to set up a matrix the original re- 
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Jo. 


em iy e 
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21 


, the e-matrix is 
—@ } — qs: In in the 


eq 
in 
fre 
wh 
| 
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ig 
> ae 


q 


(for 0 <u <n- < n—1) — 1) =e”,, 


(for 0< <v n— 


(for O< u< n) = 


(for 0 <v< n) 
; _ Thus, in general, the elements of the e-matrix of any degree can be | built 
, wp from the elements of t the e-matrices of the lower degrees i ina way analogous” 


to the formation of the coefficients in the writer’s formulas. 


Pg That Eqs. 134 yield the same results as those ‘obtained from. the matrix — 
‘equations (Eqs. 135) is evident, except for the values of a™ uy and Bue , from — 
a study of the general properties of matrices and their adjoints a as explained ‘*, 
in the author’s presentation. . The values of and are not evident 
a from the ge general matrix properties but can be derived from. a special character- oe 
The writer’s formulas were developed some time ago independently a“ 
matrix analysis and do not depend or on matrix x analysis for their derivation. In 
deducing these formulas the writer made use of the relationship quoted by the 
~ author as Eq. 97 but in in the reverse order from that used by the author—that — S 
is, the fractional form was obtained from the infinite series. _ 
For a two-degree system, apply a unit fixed-end moment at each of the 
< beam ends, ‘successively, and in each case distribute in accordance with the — aK 


© 


= 


ye 


moment at 12. (Note: that 1 — pie = Other coefficients a are 


or final end moment ani finite power series is obtained in Di2- 


The latter can be proved greater than zero and less than one, which is a ‘necessary 
a is and sufficient condition for the convergence of the power series and the a 
ie of relationship e expressed by Eq. 97. The end moment coefficients are therefore — ; 


summed up in accordance with this relationship. 


series becomes complicated as the degree of the system, increases sand the co n- 
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The relationships expressed 
134 then become useful. To derive these relationships, the writer divided 
the n-degree system into two. parts, the first part containing supports 1 to 


— 1), inclusive, and the second part containing supportm. 4 


10 shows the coefficients of fixed-end moments applied at o(o — 1) 


Git 


~ and (n — 1)n for the end moments at sls various supports of the first part of 
the system and for carry-overs to the second part. The carry-overs act as_ 

fixed-end moments in the | second part and bring back - corresponding carry-overs: 
Be ee to the first part to act as new fixed-end moments at (n —1)n. The sum total 

a a * Fe of all the carry-over moments induced in the first part is an infinite power series is 

Be kee which can be summed up by Eq. 97. _ The coefficients of the second part were 

treated similarly. The effects of both the original fixed-end moments and the 


- pee summation of the infinite s series of « carry-overs combine to yield Eqs. 134.0 
summation of the carry-overs ‘and the form of Eqs. 134 are con- 


on 


n— yn 
a” 


bus 


s 


ee for ordinary work with continuous beams) are as anne: aa 4 
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aa , lower degrees, the writer has found it convenient to develop Eqs. 131 for a “es 
a q _ fystem of a sufficiently high degree and to apply them also to lower degree 
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ae he remainder of the moments ¢ can be obtained from the foregoing — 
‘the symmetry of the system. In matrix form, > ; 


q43 0 (M’ 32 M’ 34) 


0 0 das | ~ (M'43 — 45) 
0 (M's — M ‘ss) ) 


—dy 0 0 
(M's — M's)| 
which 


qiz q23 


In ‘the writer is for the: opportunity of having the results 
of his own studies verified by a new approach and hopes that this. discussion 


will contribute to the general study of the subject. Papa “a ae 
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EXPERIMENTAL OBSERVATIONS ON GROUTING 


Jamus B. M. ASCE. 16a__Some valuable information on the 
ually increasing knowledge of grouting is contributed by this paper. | The 
forcing of cement grout into sand has generally been considered as impossible. 
‘The « author has thrown light on the subject and has indicated the approximate _ j 
limiting | point. The principal difficulty is to adapt the laboratory results = 
actual conditions as found in the field. - Other considerations that must gen- rte 
erally be taken into account are variations in gradation of the material in the - 
One of the difficulties encountered in ‘using thin ‘cement grouts is the fact 
“that sedimentation i is quite rapid in such mixes as compared with thick slurries. 
| This j is due to the settling out of the coarser r particles where e the slurry is n not 
“moving rapidly or is not otherwise being agitated. Therefore, a natural sug- - 
gestion would be to tr try the use of cement screened through 1 a fine 1 mesh—say, ob, 
the 200-mesh screen. ‘This was done at the Owyhee (Oregon) and Boulder 
_(Arizona—Nevada) dams for grouting contraction joints. Another suggestion 
— the same line would be to add a dispersion agent to the cement and note 
the effect in. grouting. Any small increase in penetration under conditions 
‘described by the author would be highly beneficial. 
_The writer has always found it desirable to conduct such tests under cor con- 


; no no water i in 1 the column above the sail of thes sand when the grout was ioe: ae 
duced . The model ‘might. have worked differently if it had been filled with 
- water. . Ww ith a column of water 100 ft long (a common condition in practice) 
- the coarse particles of cement would have dropped to the bottom ahead of the — “uth 
“main stream of grout. If it is possible, the sand bed should be set vertically 


for the test. This is a difficult matter for the labratory. 


Nore. —This paper Alfred Machis was published in November, 1946, Proceedings. 


4 | 
— 
— 
A 
J 
F 
| 
ra 
ici 

“ 

f 

i 

: 
is, 
wo. 
— 

— 
— 
—— 


HAYS ON SANDS AND AVELS 


nts e oes ‘the field, one of the most difficult problems would be to isolate the salt- | 
ie water bearing zone 80 that the necessary grout pressure could be applied with- 

out its escape to other zones. Grout has a tendency to follow planes or zones 
“el weak bond such as exists between steel and clay or stone and clay. > sd 

ie. wee these zones of ‘salt water are located during the drilling of the well, there e 
. gh an _ should be better means of cementing off the unwanted section than by grouting. 
: ‘Such methods should involve the use of certain processes well known to the 


‘driller. Deep beds of fine sand under dams « could be grouted through well. 


ae _ holes if cost were a secondary consideration; but the process would require that. 
gtout penetrate at least ‘several feet—rather than in inches—from the hole, 
—idIf the author has the opportunity to apply his. laboratory results to a a field 


“eondition, the results would be interesting. 
for Transactions: In November, 1946, Proceedings, ‘Table ‘1(h), 


page 1207, the second li line of Col. 1 should read “8” instead of 14.5; and in- 
‘Fig. 3, page 1211, the word “cement” in ordinate scale (c) should be changed 


‘Turn this s figure counterclockwise 90°. 
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